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USE OF CAIPAIN INHIBITORS IN THE INHIBmON 
AND TREATMENT OF NEDRODEGENERATION 
Background of the Invention 
The present invention relates generally to the field of neuroprotectants and more 
5 specificaify to the use of inhibitors of calcium-stimulated proteases, such as calpain, as 
therapeutics for neurodegeneration. 

Neural tissues, including brain, are known to possess a large variety of proteases, 
including at least two calcium-stimulated proteases, termed calpain I and calpain n, whidi 
are activated by micromolar and millimolar Ca^'*' concentrations, re^ectively. Calpains are 
10 a family of calcium activated thiol proteases that are present in many tissues. Calpain n is 
the predominant form, but calpain I is found at synapses and is thought to be the form 
involved in long term potentiation and synaptic plasticity. 

Thiol proteases are distinguished fromTennel^tea^^ other 
proteases by their mechanism of action and by the amino acid residue (cysteine) that 
IS participates in substrate attadc Although several thiol proteases are produced by plants, 
these proteases are not conunon in mammals, with cathepsin B (a fysosomal enzyme), other 
cathepsins and the calpains being among the few representatives of this famity that have 
been described in manunals. Calpain I and calpain n are the best described of these, but 
sev^al other members of the calpain family have been reported. 
20 Other Ca^'^-activated thiol proteases may esdst, such as those reported by Yoshfliara 

et aL in J. BioL Chem. 265:5809-5815 (1990). Hie term "Ca^ain" is used hereinafter to 
refer to any Ca^ "^-activated thiol proteases including the Yoshihara enzyme and calpains I 
andU 

While Calpains degrade a wide variety of protein substrates, cytoskeletal proteins 
25 seem to be particularly susceptible to attack. In at least some cases, the products of the 
proteolytic digestion of these proteins by Calpain are distinctive and persistent over time. 
Since cytoskeletal proteins are major components of certain types of cdls, this provides a 
simple method of detecting Calpain activity in cells and tissues. Specifically, the 
accumulation of the breakdown products ("BDPV) of spectrin, a (ytoskeletal protein, has 
30 been associated with the activation of Calpain. In neural tissues, activation of Calpains, as 
evidenced by accumulation of these BDP's, has been observed in many neurodegenerative 
conditions, including denervation resulting from focal electrolytic lesions, genetic 
abnormalities, excitotoxicity, Alzheimer's disease, following ischemia in gerbils and following 
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administration of the toxins kainate and colchicine in rats» when administered peripherally 
or centrally. 

Commercially available in vitro inhibitors of Ca^ain include peptide aldehydes such 
as leupeptin (Ao-Leu-Leu-Arg-H), as well as epos^sucdnates sudi as E-64. These 
5 compounds are not useful in inhibiting Calpain in Central Nervous System ("C^S") tissue 
in VIVO because they are poorly membrane permeant and, accordingly, do not cross the 
blood brain barrier veiy well Also, many of these inhibitors are poorly specific and will 
inhibit a wide variety of proteases in addition to Calpain. These commercially available 
compounds are based upon peptide structures that are believed to interact with the substrate 
10 binding site of Calpain. Active groups associated with the Calpain inhibitors then either 
block or attack the catalytic moiety of Calpain in order to inhibit the enzyme. 

In addition, other types of compoimds thought to possess in vitro Calpain inhibitory 
activity that are not conrnierdally available have been reported. Examples of such 
compounds include the peptide diazomethanes. See Rich, D.H., Inhibitors of cysteine 
15 proteinases, in Protease Inhibitors, AJ Barrett and G Salversen, Eds., Elsevier, New York, 
1986, pp 153-178, the disdosure of which is hereby incorporated by reference. These peptide 
diazomethanes are similarfy thought to be poorly membrane permeant and non-specific. 

There is some evidence that certain particular inhibitors of Calpain have certain 
therapeutic utilities. For example, leupeptin can facilitate nerve repair in primates. 
20 Loxastatin (also known as EST, Ep-460 or E-64d), a derivative of E-64, is believed to have 
utility in the treatment of muscular dystrophy. E-64d, while not having significant protease 
inhibitory activity itseU^ is believed to be converted to more potent forms, such as to E-64c, 
inside a manunalian body. 

Evidence from electrophysiological studies suggests that one of the earliest factors 
25 in the chain of reactions leading to cell death is an increase in intraceUular-free calcium as 
a consequence of Ca^* channel opening and/or energy depletion. Intracelhilar calcium is 
likely to produce a large number of consequences, including the activation of a large number 
of enzymes, including proteases, such as Calpain, lipases and kinases. An increase in 
intracellular calcium is also thought to induce changes in gene egression. 
30 Ischemia, head trauma and stroke have all been associated with the release of 

glutamate in amounts large enou^ to lead to excitotoxicity, the toxicity resulting from the 
actions of certain amino acids on neurons of the CNS. The excess glutamate and other 
factors, such as free radical damage of membranes or energy depletion, cause an increase 
in intracellular Ca^^. It is known that an excess of intracellular Ca^"^ leads to several effects 
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believed to be associated with neuronal oeD damage, induding destruction of cell structures 
through activation of phospho%ase and Calpain, as well as free radical production resulting 
from activation of phospholipase and xanthine oxidase. Many other factors have heea 
associated with neurotoxicity. For example, reductions in action potentials and changes in 
a wide variety of chemical markers are known to be associated with neurons oqiosed to 
isdiemic conditions. 

Notwithstanding the foregoing understanding of certain aspects of neurotoxicity, no 
effective thwapy hasyet been developed for most neurodegoierative diseases and conditions 
ofthea«JS. Millions ofmdividuals suffer from these diseases and conditions. Thus, there 
is a need for therapies effective in treating and prevoiting these diseases and conditions. 

Summary of the Tnventi'nti 
Hie present invMtion provide the use of a Ca^ain inhibitor compound or a 
phannaceuticaUy acceptable salt or denvBtivrtKweo^ medicament 
for inhibiting or treating neurodegeneration in a mammal having or likely to experience a 
15 neuropathology associated with neurodegeneration. In certain embodiments of this use, the 
neurodegeneration is occurring due to ejdtotoxicity, mV-induced neuropathy, ischemia 
foUowing denervation or injwy, subarachnoid hemorrhage, stroke, multiple infarction 
dementia, Alzheimer's Disease, Huntington's Disease, or Parkinson's Disease. The 
medicament can con^rise a pharmaceutically acceptable carrier and is for parenteral 
20 administration, such as for transdermal administration, subcutaneous injection, intravenous, 
intramuscular or intrastemal injection, intrathecal injection direcUy into the CNS or 
infusion. The medicament can also be in a form suitable for oral use. In some 
embodiments, the medicament is for substantially preventing neurodegeneration in a patient 
undergoing surgeiy during and subsequent to the surgery, such as for a patient undergoing 
25 neurosurgery, cardiovascular surgeiy or a surgery using general anesthesia. The Calpain 
inhibitor compound preferably enters tissue of the CNS of the mammal, such as through use 
of a membrane-permeant Calpm inhibitor. 

The present invention also provides an in vitro method of selecting Calpain 
IhWbitors for use as Calpain Inhibitor protectants in the in vivo treatment or inhfljition of 
30 degeneration. This method includes identifying compounds having Calpain inhibitory 
activity injto and identifying those compounds with Calpain inhibitory activity that are 
membrane permeant through an iavil£2 assay for membrane permeance. The in vitro assay 
for membrane permeance can include providing a plurality of tissue portions from a 
mammal; treating at least one, but not all, of the tissue portions with a Calpain Inhibitor; 
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subjecting the tissue portions to an event that can cause degeneration in untreated tissue; 
measuring the amount of degeneration that occurs in the tissue portions; and comparing the 
amount of degeneration that occurs in the treated tissue portions with the amount of 
degeneration occurring in the untreated tissue portions. The amount of degeneration in the 
5 treated tissue portions being less than the amount of degeneration in the untreated tissue 
portions indicates that the Calpain Inhibitor is membrane-permeant Hie tissue portions 
in some embodiments are brain slices, platelets or cells in culture. The measuring step in 
some embodiments involves analyzing the tissue portions for the presence of the BDP's of 
a cytoskdetal component such as spectrin, MAP2, actin binding protein or tail. The 
10 measuring step can also include measuring the electrical activity of the tissue portions. The 
|n vitro assay for membrane permeance can be performed by measuring the ability of the 
Calpain Inhibitor to penetrate platelet membranes and inhibit endogenous Calpain of the 
platelets. 

The present invention also provides the use of a Substituted Heterocyclic Compound 
15 or a pharmaceutically acceptable salt or derivative thereof for the manufacture of a 
medicament for inhibiting or treating neurodegeneration in a mammal having or likety to 
experience a neuropathology associated with neurodegeneration. The medicament is 
preferably for inhibiting or treating neurodegeneration of the CNS. The Substituted 
Heterocyclic Compound preferably is a member of the Class I Substituted Isocoumarins, the 
20 Class n Substituted Isocoumarins or the Class IH Heterocyclic Compounds. More 
preferably, the Substituted Heterocyclic Compound is 3-chloroisocoumarin; a 3,4- 
diciiloroisocoumarin; a 3-alko^-7-amino-4-chloroisocoumarin; or a 7-substituted 3-aIkoxy-4- 
chloroisocoumarin. The use of Qaim 17, wherein said Substituted Heterocyclic Compound 
isCiTPrOIQNH2-CiTPrOIC,PhCH2NHCbNH.CiTPrOI^ 
25 NH-QTPrOIQ PhCH^NHCONH-CiTEtOIC, PhCH^CONH-CilEtOIQ or D-Phe-NH- 
CilEtOIC 

Another aspect of the present invention provides the use of a Peptide Keto- 
Compound having Calpain inhibitory activity or a pharmaceutically accqjtable salt or 
derivative thereof for the manufacture of a medicament for inhibiting or treating 
30 neurodegeneration in a mammal having or likely to experience a neuropathology associated 
with neurodegeneration. The medicament is preferably for inhibiting or treating 
neurodegeneration of the CNS. The Peptide Keto-Compound preferably is a peptide a- 
ketoester, a peptide o-ketoacid or a peptide a-ketoamide. More preferably, the Peptide 
Keto-Compound is a member of one of the following subclasses: Dipeptide a-Ketoesters 
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(Subdass A), Dipeptide a-Ketoesteis (Subdass B), Tiq)q)tide a-Ketoesteis (Subdass A), 
Trq)q)tide a-Ketoesters (Subdass B), Tetrapeptide a-Ketoesters, Amino Acid Peptide 
a-Ketoesters, Dipeptide a-Ketoacids (Subdass A), Dq)eptide a-Ketoadds (Subdass B), 
Tiipeptide a-E^toadds, Tetrapeptide a-Ketoadds and Amino Add Peptide a-Ketoadds, 
D^eptide a-Ketoamides (Subdass A), Dipq)tide a-Ketoamides (Subdass B), Tripeptide 
a-Ketoamides, Tetrapeptide a-Ketoamides or Amino Add a-Ketoamides. 

Still another aspect of the present invention provides the use of a Halo-Ketone 
Peptide having Calpain inhihitoiy activi^r or a pharmaceutically acceptable sah or derivative 
th«eof for the manufecture of a medicament for inhibiting or treating neurodegenetation 
in a mammal having or likd^ to apaiaact a neuropathology associated with 
neurodegeneration. The medicament is preferabfy for inhibiting or treating 
neurodegeneration of the Q«. The Halo-Ketone Peptide can be an amino-halb ketone 

peptide'orfi-diazo^ketbWp^tide: ' 

Ihe uses of the present invention of Substituted Heterotydic Compounds, Peptide 
Keto-Compounds or Halo-Ketone Peptides can be used in connection with 
neurodegeneration associated with exdtotajridty, HlV-induced neuropathy, ischemia, 
subarachnoid hemorrhage, stroke, brain seizure, major heart attack, multqde in&rction 
dementia, Alzheimer's Disease, Huntington's Disease or Parkinson's Disease. Hie 
medicament of these uses can indude a phannaceutical](y acc^table carrier, and be for 
paroiteral administration, sudi as transdermal administration, subcutaneous injection, 
intravenous, intramuscular or intrastemal injection, intrathecal injection direcUy into the 
CNS or an infusion technique. The medicament can also be in a form suitable for oral use. 
Tbsse uses can also be in connection with neurode^noation is occurring from isdiemia- 
indudng events, stroke, head injury, major heart attack, brain seizure, near drowning, carbon 
monojdde poisoning, surgory-rdated brain damage or anotha- event known to cause 
neurodegeneration. 

Another aspect of the present invration provides a method of minimizing proteolysis 
in an in vitTQ sample containing pq)tides or proteins during or following the processing, 
production, prq>aratbn, isolation, purification, storage or transport of the samples, 
comprising the addition to the sample of a Substituted Hetwocydic Compound or a Peptide 
Keto-Compound that is a member of one of the following subdasses: Dipeptide 
o-Ketoesters (Subdass A), Dipeptide a-Ketoesters (Subdass B), Tripeptide o-Ketoesters 
(Subdass A), IV^qitid o-Ket esters (SubdassB), Tetrapeptide a-Ketoesters, Amino Add 
Pq)tide a-Ketoesters, Dipq)tide o-Ketoadds (Subdass A), Dipq)tide c-Ketoadds (Subdass 
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B), Tripeptide a-Ketoadds, Tetrapq)tide a-Ketoacids, Amino Add Peptide a-Ketoadds, 
DJqpeptide a-Ketoamides (Subdass A), D^eptide a-Ketoamides (Subdass B), Tripeptide 
a-Ketoamides, Tetrapeptide a-Ketoamides or Amino Add a^^Ketoamides. Tbe present 
invention also provides a method of minimizing degradation resulting from Calpain activitjr 
5 in a tissue sample during or following preparation of the sample, comprising the addition 
to the sample of a Substituted Heterocydic Compound, Peptide Keto-Compound or a Halo- 
Ketone Peptide. Ihe sample can be a whole organ and the addition of compound 
comprises perfosion of the organ with the compound dissolved in fluid. Pr^erably, following 
the addition step, the tissue sample is used in an assay for neurodegeneration wherein the 
10 assay comprises a test for the products of Calpain activity in the tissue samples. The 
addition of compound in either of these methods can indude the addition of a Pq>tide 
a-Ketoadd to the sample. Preferably, this Peptide a-Ketoadd comprises a compound that 
is a member of one of the following subdasses: Dipeptide a-Ketoadds (Subdass A), 
Dipeptide a*Ketoadds (Subdass B), Tripeptide a-Ketoadds, Tetrapeptide a-Ketoadds or 
15 Amino Add Peptide a-Ketoadds. 

Yet another aspect of the present invention provides phannaceutical compositions 
for the treatment or inhibition of neurodegeneration. These compositions indude a 
phannacologically effective neuroprotective amount of a Substituted Heteroc^dic 
Compound, Peptide Keto-Compound or Halo-Ketone Peptide, or pharmaceutically 
20 acceptable salts or derivatives thereof in a pharmaceutically acceptable formulation 
containing a carrier material In one prtf erred embodiment, a Peptide Keto-Compound is 
induded in the composition wherein said Peptide Keto-Compound comprises a compound 
from one of the following subdasses: Dipeptide a-Ketoesters (Subdass A), Dipeptide 
a-Ketoesters (Subdass B), Tripeptide a-Ketoesters (Subdass A), Tripeptide a-Ketoesters 
25 (Subclass B), Tetrapeptide a-Ketoesters, or Amino Add Peptide a-Ketoesters. ThisPeptide 
Keto-Compound is preferably one of the following compounds: Bz-DL-Ala-COOEi; 
Bz.DL.Ala-COOCH2-C6H4-CF3 (para), Bz-DL-Lys-COOEt, PhCO-Abu-COOEt, 
(CH3)2CH(CH2)2CO-Abu-COOEt, CH3CH2CH)2CHCO-Abu-COOEt or 
Ph(CH2)5CO-Abu-COOEt Another preferred Peptide Keto-Compound is one of the 
30 following compounds: Z-Ala-DL-Ala-COOEt, Z-Ala-DL-Ala-COOBzl, 
Z-Ala-DL-Ala-COOnBu, Z-Leu-Nva-COOEt, Z-Leu-Nle-COOEt, Z-Leu-Abu-COOEt, 
Z-L u-Met-COOEt, Z-Leu-Phe-COOEt, Z-Leu.4-Cl-Phe-COOEt, 
2.NapS02-Leu.Abu.COOEt,Z.Leu-NLeu.C02Et, Z-Leu-Phe-C02Bu, Z-Leu-Abu-C02Bu, 
Z-Leu.Phe.C02Bzl, MeO-Suc-Ala-DL-Ala-COOMe, or Z-Leu-Abu.C02Bzl. Still other 
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Peptide Keto-Compounds for use in the preferred compositions are one of the followmg 
compounds: Z-Ala-Ala-DL-Ala>COOEt, Z-Ala-Fro-DL-Ala-COOEt, 
Z'Ala-Ala-DL-Abu-COOEt, Z-Ala-Ala-DL-Abu-COOBzl, 
Z-Ala-Ala-DL.Abu.COOCH2-C4H4-CF3 (para), H-Leu-Ala-DL-Lys-COOEt, 
5 Z-Leu-Leu-Abu-CXX)Et, Z-Leu-Leu-Fhe-COOEt, MeaSuc>Val-Pco-DL>Phe<COOMe or 
2-NapS02-Lett-Leu-Abu>COOEt A preferred Fqitide Keto^mpound could also be 
MeO-Suc-Ala-Ala-Fro-DLAbu-OOOMe or Z-Ala-Ala-Ala-DL-Ala-COOEt Still odier 
preferred Fqptide Keto-Compounds would be a compound from one of the following 
subclasses: Dipeptide a-Ketoadds (Subclass A), Dip^tide a-Ketoadds (Subdass 6), 
10 Itipqitide a-Ketoacids, Tetrapeptide a-Ketoadds or die Amino Add Teptide a^Ketoactds. 
Thus, preferred Peptide Keto-Compounds could be one of the following compounds: 
Bz-DL-Lys<»OH, Bz-DL-Ala-OOOH, Z-Leu-Phe<X>OH or Z-Leu-Abu-COOH. A 
^compound from one of the following subclasses: D^eptide a-Ketoamides (Subdass A), 
Dipeptide a-Ketoamides (Subdass B), Tripeptide a-Ketoamides, Tetrapeptide 

15 a-Ketoamides or Amino Add a-Ketoamides, could also be used in the preferred 
compositions. Ihus, another preferred Peptide Keto-Compound would be one of die 
following confounds: Z-Leu-Phe-CONH-Et, Z-Leu-Phe-CONH-nPr, Z-Leu-Fhe-CONH- 
nBu, Z-Leu-Phe-CONH-iBu, Z-Leu-Phe-CONH-Bzl, Z-Leu-Phe-C»NH-(CH2)2Ph, Z-Leu- 
Abu-CX)im-Et, Z-Leu-Abu-CX>NH-nPr, Z-Leu-Abu-CXDNH-nBu, Z-Leu-Abu-CONH-iBu, 

20 Z-Leu-Abu-CONH-Bzl, Z-Leu-Abu-CONH-(CH2)2ph, Z-Leu-Abu-CONH-(CH2)3- 
N(CH2CEy20, Z-Leu-Abu<»NH-(CH2)7CH3, Z-Leu-Abu.OONH.(CH2)20H, Z-LettAbu- 
CONH.(CH2)20(CH2)20H, Z.Leu-Abu-CONH-(CH2)i7CH3, Z-Leu-Abu-CONH-CHj- 
0^3(0013)2 or Z-Leu-Abu-CONH-CI^-C4H4N. The composition can also indude a 
Substituted Heterocyclic Compound sudi as one of the Class I Substituted Isocoumarins, 

25 Class n Substituted Isocoumarins or Qass HI Heterocydic Cbmpounds. Fteferred 
Substituted Heterocydic Qnnpounds are 3-diloroisocoumarin, a 3,4-didilorQisocoumarin, 
a 3-aIIco9gr.7-amino-4-dilorQisocoumarin, a 7-substituted 3-alkaxy-4-diloroisocoumann; 
QTPrOIQ NHj-CnPrOIQ PhCHjNHCONH-CflPrOIC; CH3CONH-aTPrOIC, l^Phe- 
NH-OIPrOIC, PhCH2NHCONH-aiEtOIC, FhCHjCONH-aiEtOIC, or D-Phe-NH- 

30 CTIEtOIC In these compositions, the composition is preferably in dosage form comprising 
from 70 |ig to 7 g of active ingredient in eadi dose, and the carrier material indudes a 
liquid, herein the composition is in dosage form and wherein each dose comprises from 
0 J ml to 1 liter of said carrier material Hie compositions can additionally indude at least 
one of the following: Dft^O or other organic solvent, a lipid carrier, a detergent, a 
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surfactant, or an emulsifying agent. These compositions can be suitable for parenteral 
administration or in a form suitable for topical application. The compositions can be in a 
variety of fonns, sudi as an aqueous solution, a lotion, a jelly, an oil^ solution, or an oil^ 
suspension. 

5 The present invention also provides tiie use of a Substituted Heterocyclic Compound 

as a medicament, the use of a Halo-Ketone Peptide as a medicament, and the use of a 
Peptide Keto-Compound as a medicament wherein said Peptide Keto-Compound is a 
compound from one of the following subdasses: Dipeptide a-Ketoesters (Subdass A), 
Dipq)tide o-Ketoesters (Subclass B), Tripeptide o-Ketoesters (Subclass A), Tripeptide 
10 a-Ketoest»s (Subclass B), Tetrapeptide a-Ketoesters, or Amino Add Peptide a-Eetoesters. 
Preferred Peptide Eeto-Compounds in this use include any one of the Peptide Eeto- 
Cdmpounds described above in connection with the pharmaceutical compositions. 

Brief Summary of the Figures 
Figure 1 shows the percentage of inhibition of gtutamate-lnduced cell death through 
15 the addition of gilutamate and various Ca^ain Inhibitors relative to control where no 
glutamate was added 

Figure2 graphically depicts the effects of Z-Leu-Phe-CONH-Et (CX269) and Z-Leu- 
Abu-CONH-Et (CXZJ5) on the size of infarction produced upon MCA occlusion in male 
rats. 

20 Figure 3 shows the ^ects of CX216 (Z-Leu-Phe-COSt, a Peptide Keto- 

Compound), and dl (Ac-Leu-Leu-Me-^ relathre to control slices on survival of 
hippocampal slices exposed to 10 minutes exposure of anoxic atmosphere wh^e both of 
these compounds were added at their optimal inhibitory concentration at both 1 hour and 
2 hour incubation times. 

25 Figure 4 shows the evoked potential amplitude for control, dl treated and C?^18 

treated hippocampal slices over a time course during which the slices are exposed to anoxic 
atmosphere. 

Figure 5 shows the percent recovery of EPSP from severe hypoxia over the course 
of onehour incubationfor Z-Leu-Phe-CONH-Et (CX269) and Z-Leu-Phe-C02Et (CX216). i 
30 Figure 6 shows a comparison of the effect of the presence of dl or CX216 on 

survival of hippocampal slices expressed as the duration of anoxia (in minutes) before fiber * 
volley disappearance. 

Figure 7 shows the effects of dl compared with control on the behavioral and 
convulsive effects of kainic acid. 
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Figure 8 shows the amount of qiectrin BDPs in rat brains exposed to kainate for 
control and Ql treated rats. 

Dctafled Descrintion of the Tnvmrinn 
A. INTRODUCTTON 

We have discovered that Ca^ain activation is an event central to many cases of 
brain atrophy and degeneration and that inhibition of Calpain alone is sufficient to inhibit 
or prevent cell deterioration and loss. Thus, we have fiirther discovered that inhibition of 
Ca^ain provides protection from neurotojdcity associated with many neurodegen^tive 
conditions and diseases. 

In accordance with die foregoing discoveries, we believe that the elevation of 
intracellular calcium associated with neurppathdoglcal conditions in neuronal cells activates 
Ca^ain and sets in motion the digestion of neuronal cells from within. We believe there 
— m^ -be-other-medianisms-of -activaition of "Cdpains aModited wi^ these condkions. 
Accordingly, one a^ect of the present invention is directed to inhiT«tion and treatment of 
the neurodegoieration and other diseases associated with this digestion throu^ the 
inhibition of Calpain activity. Ihus, part of this aspect of the present invention is to prevent 
the neurodegeneration and other pathology caused by this digestion through the in vivo 
administration of Calpain inhibitors. Byway of example, and not of limitation, diseases and 
conditions which can be treated using this aspect of the present invention include 
neurodegeneration following OKatotoxidty, HIV-induced neuropathy, ischemia, denervation 
followingischemia or injury, subarachnoid hemorrhage, stroke, multiple infarction dementia, 
Alzheimer's Disease (AD), Parkinson's Disease, Huntington's Disease, surgery-related brain 
damage and other neuropathotogical conditions. 

As stated above, spectrin BDPs have been found to be associated with Calpain 
activation iavEfi. We have observed that in each instance of neurodegeneration in which 
BDPs characteristic of Calpain activation are detected, Ca^ain activation is localized to the 
brain areas most vubieraWe to the particular pathogenic manipulation. In addition, as 
judged by histological methods, Calpain activation precedes overt evidence of 
neurodegeneration. According^, Calpain activation is spatially and temporally linked to 
impendmg or ongoing cell death in the brain. Ihus, we believe that Calpain activation is 
an important mechanism of cell damage and death in many pathological conditions, 
including neuropathdogical conditions. Moreover, there is evidence that the activation 
of Calpains is an earty event in the death of cells induding neural cells. This is in contrast 
to other known proteases which are actuated at later stages of ceU death. Hius, we believe 
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tfaat, advantageously, inhibition of Calpain activity provides intervention at an early stage 
of cdi deaths prior to significant deterioration of ceDuIar machinery. 

Another aspect of the invohrement of Calpains in neurodegeneration is the 
involvement of these proteins in regenerating systems. It is known that developing or 
5 regenerating axons are somehow inhibited from further developmrat in a stabilization 
process called the "stop pathway." This stabilization can occur when axons have reached 
their targets; however, in some systems stabilization can also occur at inappropriate places. 
One researcher has developed evidence that this stop pathway operates at least in part by 
the activation of intracellular Calpain and that inhibition of Calpain can interfere with 
10 stabilization (Luizzi, 1990). We believe that Calpain inhibitors, when used in accordance 
with the present invention, can advantageously aid regeneration and recovery of neural 
tissue after injury, in addition to inhibiting neurodegeneration. 

Another aspect of the present invention is our discovery that at least three classes 
of compounds, the substituted isocoumarins, the pq)tide keto-compounds and the Halo- 
15 Ketone Peptides have Ca^ain inhibitory activity. We have further discovered, as will be 
described hereinbelow, that these three classes of compounds exhibit additional properties 
that render them especially useful as therapeutically effective compounds in the treatment 
of neurodegenerative conditions and diseases. 
B. SUBSTFTOTED HETEROCYCLTC COMPOUNDS 
20 One particular dass of compounds exhibiting Ca^ain inhibitory activity, when used 

in accordance with the present invention, are the substituted heterocyclic compounds. These 
compounds include the substituted isocoumarins. The substituted heterocyclic compounds 
are known to be excellent inhibitors of serine proteases. As discussed hereinbelow, we have 
now discovered that these compounds are also inhibitors of calpain I and calpain H and also 
25 cf other Calpains. Additionally, as also discussed below, we have found that, unlite most 
known inhibitors of Calpains, these substituted heterocyclic compounds are not effective as 
inhibitors of papain or cathq)sin B. Thus, we believe that the substituted heterocyclic 
compounds provide a rdativdy spedEc means of inhibiting Calpains while not affecting 
other thiol proteases. 

30 One particular dass of substituted heterocyclic compoimds with Calpain inhibitory 

activity are the isocotunaiins having cationic substituents. Hiese substituted heterocladic 
compounds are referred to herein as the "Qass I Substituted Isocoumarins." Hie Class I 
Substituted Isocoumarins are known to be excdient inhibitors of several serine proteases, 
induding bovine thrombin, human thrombin, human factor Xa, human factor XIa, human 
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fiactor Xna, bovine trypsin, human plasma plasmin, human tissue plasminogen activator, 
human lung tr]ptase, rat skin ttyptase, human leukocyte elastase, porcine pancreatic 
elastase, bovine cfaymotiypsin and human leukocyte cathq>sin G. The CSass I Substituted 
Isocoumarins inhibit the serine proteases by reaction with the active site serine to foim an 
5 acyl en^e, which in some cases may further react with another active site nudeophile to 
form an additional covalent bond. We have discovered that the Class I Substituted 
Isocoumarins also react with Calpain. We believe that the mechanism of action of Calpain 
inhibition is similar to that of the inhibition of serine proteases since the reaction 
mechanism of Calpains is similar to that of the serine proteases. 
10 Qass I Substituted Isocoumarins having Calpain inhibitory activity have the 

following structural formula: 



15 



30 



00 




20 

or a pharmaceutically acceptable salt, wherein 

Z is selected from the group consisting of Cl-6 sJkaxy with an amino group attached 
to the alkoxy group, Cl-6 alkoxy with an isothiureido group attached to the alkoxy group, 
Cl-6 alkoxy with a guanidino group attached to the dJkoxy group, Cl-6 aikaxy with an 
25 amidino group attached to the alkoxy group, Cl-6 alkyl with an amino group attached to the 
allgrl group, Cl-6 alkyl with an isothiureido group attached to the sUkyl group, Cl-6 alkyl 
with an guanidino group attached to the allqrl group, Cl-6 alkyl with an amidino group 
attached to the all^l group, 

R is selected from the group consisting of 0=C=N-, S=C«N-, AA-NH-, AA-AA- 
NH-, AA-O, AA-AA-0-, M-NH-, M-AA-NH, M-AA-AA-NH-, M-O-, M-AA-O-, M-AA-AA- 
0-, 

wherein AA represents alanine, valine, leucine, isoleudne, proline, methionine, 
phenylalanine, tryptophan, glycine, serine, threonine, cysteine, tyrosine, beta-alanine. 
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norleudnei norvaline, alpha-aminobutyric add, q)silon-aiiunocaproic add, dtruUine, 
hydroxyproline, ornithine or sarcosine, 

wherdn M represents NH2.CO-, NH2-CS-, NH2-502-, X-NH-CO-, X-NH-CS, X- 
NH-SQ2, X-CO-, X-CS-, X-S02-, X-O-CO-, or X-0-CS-, 
5 wherein X represents Cl-6 allqd, Cl-6 fluoroallyl, Cl-6 aJkyl substituted with K, 

Cl-6 fluoroalkyl substituted with K, phenyl, phenyl substituted with J, phenyl disubstituted 
with J, phenyl trisubstituted with J, naphthyl, naphthyl substituted with J, naphthyl 
disubstituted with J, naphthyl trisubstituted with J, Cl-6 aDgd with an attadied phenyl group, 
Cl-6 allg^l with two attadied phenyl groups, Cl-6 alkyl with an attadied phenyl group 
10 substituted with J, or Cl-6 allgd with two attached phenyl groups substituted with J, 

wherein J represents halogen, COOH, OH, CN, N02, Cl-6 alkyl. Cl-6 alko:gr, Cl-6 
alkylamine, Cl-6 diallgrlaniine, or Cl-6 aDgrl-O-CO-, 

\*erein K represents halogen, COOH, OHTCN, N02, NH2rCI-"6 al^la^ Cl-6 
diallq^lamine, or Cl-6 alkyl-O-CO-, 
15 Y is sdected from the group consisting of H, halogen, trifluoromethyl, methyl, OH 

and methoxy. 

The compounds of Formula (I) can also contain one or more substituents at position 
B as shown in the following structure: 



20 




wherein electronegative substituents such as N02, CN, a, COOR, and COOH will 
increase the reactivity of the isocoumarin, and dectropositive substituents such as NH2, OH, 
30 alkoxy, thioalkyl, allqrl, allgdamino, and diallqdamino will increase its stability. Neutral 
substituents could also increase the stability of acyl enzyme and improve the effectiveness 
of the inhibitors. 

The following compounds are representative of the Class I Substituted Isocoumarins 
of the present invention: 
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4-chIorc)«3*(3-isothiurddopropcixy)isocoumarin (CflPrOIC) 

7-(ben^lcarbamoylainino)-4-chloro-3-(3- 
isothiureidopropoxy)isocoumarin (PhCH2NHCONH-CiTPrOIC) 

7-(phenylcarbamoylainino)-4-chloro-3-(3- 
isothiiireidopropQ)y)isocouraarin (PhlOiCX)NH-CiIPrOIC) 

7-(acetylamino)-4-chloro-3-(3* 
10 isothiureidopropo35r)iscx»umarin (dBCONH-CflPrOIC) 

7-(3-phenylpropionylanuno)-4-chloro-3-(3- 
isothiureidopropoxy)isocoumarin (PhCH2C2I2CONH-CiTPrOIC) 

15 7-(phenylacetylamino)-4-chloro-3-(3. 

isothiureidopropoxy)isocoimiarin (PhdECONH-CfTRrOIC) 

7-(L-phenylalanylaniino)-4-chloro-3-(3- 
isothiureidopropojy)i5ocoumarin (L-Phe-NH-CiTPrOIC) 

20 

7-(N-t-butyloxycarbonyl-L-phenylalanylammo)4KWo 
(Boc-L-Phe-NH-CiTRrOIC) 

7-(D.phenylalanylamino)-4-chloro-3.(3- 
25 isothiureidopropoxy)isocoumarin (D-Phe-NH-CSTPrOIC) 

7-(N4-butylo^carbonyl-D-phenylalanylanuno).4-chIoro-3- 
(3-isothiiireidopropoxy)isocoumarin (Boc-D-Phe-NH-CflPrOIC) 

30 7-(ben37lcarbamoylamino)4-chloro-3-(2* 

isothiureidoethoxy)isocoiimarin (PhCH2NHCONH-CiTEtOIC) 

7-(phenylcarbamoylamino).4-chIoro-3-(2- 
isothiureidoethQxy)isocoumarin (PhNHCONH-CiTEtOIC) 

35 

7-(isopropylcarbamoyIamino)4-chloro-3-(2- 
isothiiireidoethoxy)isocoumarin ((CH3)2CHNHCONH-CiTEtOIC) 

7-(phenykcetylamino)-4-chlorc)-3-(2- 
40 isothiureidoethoxy)isocouinarin (PhdEZCONH-CiTEtOIC) 

7-(L-phenylalanylainino)-4-chIoro-3-(2- 
isothiureidoetho3^)isocoumarin (L-Phe-NH-CiTEtOIC) 

45 7-(N4-butylo3ycarbonyl-I^phenyldanylamino)4<Moro-3 
(Boc-L-Phe-NH-CiTEtOIC) 

7-(D-phenylalanylainino)-4-chloro-3-(2- 
isothiureidoethoxy)isocoumarin (D-Phe-NH-CiTEtOIC) 

50 
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7-(N-t-butylo]Qrcarbonyl-D-phenylalan)daniino)-4KMjro-3-(2-i^ 
(Boc-D-Phe-NH-CriEtOIC) 

7-(N-t-butyloxycarbonyl-L-alanyl-L-alanylamino)-4-chloro-3-(2- 
isotMureidoetho3y)isocoumarinCBoc-Ala-Ala.NH-CiIEtOIC) 

5 

7-(L-alanyl-L-alanyIanuno)-4-chIoro-3-(2^ 
isothiureidoethoxy)isocoumarin (ala-Ala-NH-CilEtOIC) • 

7-(l-naphthylcarbamoylamino)-4-chloro-3-(2- 
10 isothiureidoethoxy)isocoumarin (NaphthylNH-CflEtOIC) 

7-((S)-o-methylbeii^lcarbamoyknuno)-4-diloro-3-(2- 
isothiureidoethQxy)isocoumarin (S-C6H5(CH3)CHNHCX)NH-CiTEtOIC> 

15 7-((R)-a-methylben^lcarbamoylanuno)-4-cliloro-3-(2- 

isothiurddoethojy)isocoumarin(R<<:6H5(CH3)CHNHCONH.CnEtOlC) 

7-daiisyIammo-4<Uoro-3<2-isothiureidoeth(»gr)fa^ 

20 7-pha^lthiocaibainqyIanimo-4-chloro-3-(2- 

isothiureidoeAa37)isocoiimann (PhNHCSNH-CflEtOIC) 

7-(m'<arbo3gphenylthiocarbamoyl)amino-4-chloro-3-(2- 
isothii]reidoeth(»Qr)isocbumann (m-COOH-PhNHCSNH-aXEtOIC) 

25 

7-ft)-carbo:gphenyIthiocarbamoyI)aiiiino-4-cWoro-3-(2- 
isothiureidoeth(Hy)isocouinatm (p.CX)OH.PhNHCSNH.arEtOIC) 

7-ainino-4<hlony3-(3-isothiureidopropoxy)isocoumaiin 
30 (ACmQ 

Isocoumaiins with basic substitorats are also known to be effective inhibitors of 
serine proteases. See Powers et al, U.S. Patent No. 4,845^2, the disdosure of whidi is 
hereby incoiporated by reference. This dass of compounds, referred to herean as the "Class 
35 n Substituted Isocoumarins," along wifli the othar substituted heterocydic compounds, is 
believed to be ^ective in the use of the present invention. 
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The Qass II Substituted Isocoumarins have the following structural formula: 



O 



5 




10 

or a pharmaceutically acceptable salt, wherein 

R is selected from the group consisting of -N-H-C(=NH)-NH2, -C(=NH)NH2, C^^ 
alkyl with an attached amino, and C^^ alkyl with an attached isothiureido of the formula - 
S-C(+NH2+)NH2, 

15 Z is selected from the group consisting ci H, halogen, C^^ allg^I, C^^ alkyl with an 

attached phenyl, C^^ fluorinated alkyl, C^^ alkyl with an attached hydroxyl, C^^ aU^l with 
an attached C^^ alkojgr, C^^ alkoxy, C^^ fluorinated alko^g^, C^^ alkoxy with an attached 
phenyl, bensylo^, 4-fluorobenzyloxy, -OC3l2C^ (2-substituent), .OCH2C5H4R' (3- 
substituent), -OCH2C^H4R* (4-substituent), -OCH2C5H3R2* n.3s.:bstj:ti;ents), - 
20 OCH2C5H3R2' (2,4-substituents), -OCH2C^H3R2' (2,5-substituents), • O'^* :^H3R2' (2,6- 
substituents), -OCH2C5H3R2' (3,4-substituents), and OCH2C6H3R2* (3,5-substituents). 

R' is selected from the group consisting of H, halogen, trifluoromethyl, NO2, cyano, 
methyl, methoxy, acetyl, carbo}^!, OH, and amino. 

Y is selected from the group consisting of H, halogen, trifluoromethyl, methyl, OH, 
25 and metho3^. 

Alternately, the Qass II Substituted Isocoumarins are represented by structure (11) 

where, 

Z is selected from the group consisting of C^^ alkoxy with an attached isothiureido, 
alkoxy with an attached guanidino, C^^ alkoxy with an attached amidino, C^^ alkyl with 
30 an attached amino, C^^ all^l wit*' r attached isothiureido, C^^ alkyl with an attached 
guanidino, C^^ all^l with an att£ midino, 

R is selected from the g sisting of % OH, NH2' halogen, C^^ alkoxy, 
Cj^ fluorinated alkoxy, C^l^ aU^- yl wii . nachc ' amino, M-AA-NH-, M-AA-0-, 
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wherein AA represents alanine, valine, leucine, isoleudne, proline, methionine, 
phenylalanine, tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, 
glutamine, aspartic acid, glutamic acid, lysine, arginine, histidine, beta-alanine, norleudne, 
norvaline, alpha-aminobutyric and epsilon-aminocaponic acid, citruUine, hydroxyproline, 
ornithine and sarcosine, 

wherein M represents H, lower alkanoyl having 1 to 6 carbons, carboxyalkanoyl, 
hydro^alkanoyl, amin-alkanoyl, benzene sulfonyl, tosyl, benzoyl, and lower allgd sulfonyl 
having 1 to 6 carbons, 

Y is selected from the group consisting of H, halogen, trifluoromethyl, methyl, OH 
and metho^. 

As a further alternative, the Class II Substituted Isocoumarins are represented by 
structure (H) where 

R is selected from the group consistSg of -N.B[-C(=NH)-NH2; -C(=NH)NH2, C^^ 
alkyl with an attached amino, C^^ alkyl with an attached isothiureido, 

Z is selected from the group consisting of C^^ alkojy with an attached amino, 
alkoicy with an attached isothiureido, C^^ alkojy with an attached guanidino, C^^ alkoxy 
with an attached amidino, C^^ allgl with an attached amino, C^^ allgrl with an attached 
guanidino, C^^ allg^l with an attached amidino, 

Y is selected from the group consisting of H, halogen, trifluoromethyl, methyl, OH 
and methos^. 

The following compounds are representative of the Class 11 Substituted 
Isocoumarins: 

3-(3-aminopropo3y)isocoumarin, 

3-(3-aminopropo;y)-4-chloroisocoumarin, 

3-(2-isothiureidoetho)y)-4-chloroisocoumarin, 

3-(3-isothiureidopropo3y)-4-chloroisocoumarin, 

7-amino-3-(3-isothiureidopropo3y)-4-chloroisocoumarin, 

7-guanidino-3-methoxyisocoumarin, 

7-guanidino-3-methoxy-4-chloroisocoumarin, 

7-guanidino-3-etho35risocoumarin, 

7-guanidino-3-ethoxy-4-chloroisocouraarin, 

7-guanidino-3-(2-phenylethoxy)isocoumarin, 

7-guanidino-3-(2-phenylethoxy)*4-chloroisocoumacin. 
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Still another dass of susbstituted heterocyclic compounds useful in the present 
invention is referred to herein as the "Qass IQ Heterocyclic Compounds" and have the 
following structural formula: 




wherein 

Z is selected from the group consisting of CO, SO, SO2, CCL and CF, 

Y is selected from the group consisting of O, S and NH, 

X is selected from the group consisting of N and CH, and 

R is selected frt)m the group consisting of C^^ alkyl (such as methyl, ethyl and 
propyl), C^^ alkyl containing a phenyl (such as ben^l), and C^^ fluoroalkyl (such as 
trifluoromethyi pentafluoroethyl, and hq)tafluoropropyl). 

The Z group must be dectrophilic since it interacts with the active site serine OH 
group of the serine protease. The R group must be uncharged and hydrophobic. One or 
more of the carbons in the R group could be replaced by O, S, NH and other such atomic 
groups as long as the R group maintains its hydrophobic diaracter. 

Hie following compounds are representative of the Class HI Heterocyclic 
Compounds: 

2-trifluorometfayMH-3,l*benzoxazine-4-one, 

2-pentafluoroethyl-4H-3,l-benzoxazine-4-one, 

2-heptafluorqpropyl*4H-3,l-benzoxazine-4-one, 

2-methyl-4H-3,l*benzoaxazine-4-one, 

2-propyl-4H-3,l-benzoaxazine-4-one, 

2-ben2yl-4H*3,l-benxoaxazine-4-one, 

2-heptafluoropropyM-quinazolinone, 

2-propyl-4-quinazolinone, 

2-benzyl-4-quinazoIinone, 
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2-(C5H5CQ2)-4-chloroquinazoline, and 
2-propyl-4-chloioquinazQline. 
The Qass III Heterocyclic Compounds are disclosed in Powers et aL, I7.S. Patent No. 
4,847^02, the disclosure of whidi is hereby incotporated by reference. 

Other substituted heterocyclic compounds have been prepared earlier for other 
purposes, such as 3-chloroisocoumarin, Davies and Poole, J. Chem, Soc, pp. 1616-1629 
(1928); 3-chloro and 3,4-dichloroisocoumarin, Mflevskaya, Belinskaya, and Yagupol'skii, 
Zhur. Org. Khim. 9, pp. 2145-2149 (1973); 3-methyl and 4-carboxy-3-methylisocouniarin, 
Tirodkar and Usgaonkar, Ind. J. Chem. 7, pp. 1114-1116 (1969); 7.mtro and 7- 
aminoisocoumarin, Choksey and Usgaonkar, Ind J. Chem. 14B, pp. 596-598 (1976). Tlie 
disclosures of all of the preceding articles are hereby incorporated by reference. These 
other substituted isocoumarins are also believed to exhibit Calpain inhibitory activity when 
used in accordance with the present invention. 

Still other substituted isocoiunarins whidi have been prepared recently for inhibition 
of serine proteases are 3-chloroisocoumarin, Harper, Henmii, and Powers, J. A Chem. Soc 
105, pp. 6518-6520 (1983); 3,4-dichIoroisocoumarin, Harper, Hemmi, and Powers, 
Biochemistry 24, pp. 1831-1841 (1985); 3-alkQqr-7-amino-4-chloroisocoumarm, Harper and 
Powers, J. Am. Chem. Soc. 106, pp. 7618-7619 (1984), Harper and Powers, Biochemistry 24, 
7200-7213 (1983); additional substituted isocoumarins with basic groups (aminoalko^, 
guanidino or isothiureidoalkoxy), Kam, Fujikawa and Powers^ Biodiemistry 27, pp. 
2547-2557 (1988); 7-substituted 3-alko3y-4.diloroisocoumarins, Powers, Kam, Narasimhan, 
Oleksyszyn, Hernandez and Ueda, J. Cell Biochem. 39, pp. 33-46 (1989) and Powers, 
Oleksyszyn, Narasimhan, Kam, Radhakrishnan and Meyer, Jr. Biochemistry 29, 3108-3118 
(1990). Hie disclosures of all of the preceding articles are hereby incorporated by reference. 
We believe that the foregoing compounds, which exhibit serine protease inhibitory activity, 
also exhibit Calpain inhibitory activity when used in accordance with the present invention. 
All of the foregoing isocoumarin compounds, including the Class I and II Substituted 
Isocoumarins, the Class HI Substituted Heterocyclic Compounds and the other substituted 
heterocyclic compounds useful in the practice of the present invention shall be referred to 
collectively hereinafter as the "Substituted Heterocyclic Compounds." The term "Substituted 
Heteroqrdic Compound" shall be used to refer to any particular species of these compounds. 

The preparation of the various Substituted Heterocyclic Compounds is illustrated by 
Examples SHC1-SHC9. 
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EXAMPLE SHCl 

Frqparation of 7-(phen>kaibamoylainino)-4<hloroisocouinarin was ^thesized asprevlously 
described (Powers, et aL, Biochemistrv 29, 3108-3118 (1990)). This compound (032 g, 1 
mmole) was mixed with phenyl isocyanate (0.12g, 1 mmole) in 5 ml of THF and the reaction 
mixture was stirred at r.L ovonight The product 7-(phei^Icarbamoylamino)-4-chloro-3-(2- 
bromoethoxy)isocoumarin precipitated out, yield 40%, m.p. 215-217' Q mass spectrum m/e 
" 437.9 (M+)> Anal Calc. for Ci8Hi4N204aBr: Q 49.40; H, 3.22; N, 6.40; a 8.10, 
Found: C;49.48; H, 3.25; N,634; Ca, 8.12. The phenylcarbamoylamino compound (0.1 g, 
023 mmde) was heated with 0.02 g of thiourea (0.26 mmole) in 10 ml of THF at 70"C 
overnight The final product precqiitated out, yield 0.04 g, 36%, m.p. 161-163* C (dec.), 
mass spectrum (FAB+) m/e » 433 (M-Br). AnaL Calc. for q9Hi8N4O4ClBrS:0.25 TEBF: 
C, 45.12; H, 3.86; N, 10.53; Ca, 6.67. Found: C, 44.83; H, 3.92; N, 10.12; O, 6.41. 

7-(Ethylcarbamoylamino)-4-chloro-3-(2-isothiureidoethoxy)isocoumarin, 
7-(t-butylcarbamoylamino)-4.chloro-3-(2-isothiureidoethoxy)isocoumarin, 
7-(benzylthiocarbamoylamino)-4-chloro-3-(2-isothiureidoethoxy)isocoumarin, 7- 
(ethylthiocarbamoylamino)-4-diloro-3-(2-isothiureidoetha3Qr)isocoumarjii?-(4-iluoroben^l) 
thiocarbamoylamino-4-chloro-3-(2-isothiureidoethoxy) isocoumarin, and 7-(2,5- 
dimethylbenzyl) thiocarbam(^amino-4-d)loro-3-(2-isothiureidoethoxy) isocoumarin can be 
prepared by the same procedure. 

EXAMPLE SHC2 

Preparation of 7-(aceQdamino)-4-chloro-3-(3-isothiureidopropo^) isocoumarin: 

7-Amino-3(3-bromopropo]7)-4-cfaloroisocoumaiin was synthesized as previously 
described (Kana, et aL, 1988). This compound (033 g, 1 mmole) was heated with 0.15 g of 
acetic anhydride (1.5 mmole) in 20 ml of dry THF. After a few minutes, a yellow solid 
precq)itated out. After 3 hrs, the solution was concentrated to 5 ml, and the solid was 
filtwed to give 037 g of 7-(acetylamino)-4-chloro-3-(3-bromopropoxy) isocoumarin, m.p. 
170-172'Q mass spectrum: m/e ■ 375 (M+). The acetylated isocoumarin (0,15 g, 0.4 
mmde) was treated with thiourea (0.036 g, 0.47 mmole) to give 0.9 g of the final product, 
(yield 50%), m.p. 180-181'C, mass q)ectrum m/e » 370 (M+-Br), AnaL Calc. for 
Ci5Hi7N304CIBrS: C, 39,97; H, 3.80; N, 932; Q 7.87, Found: C, 39,86; H 3,83; N, 929; 
0,7.85.- 

7-trifluoroacetylamino-4-chloro-3-(3-isothiureidopropoxy) isocoumarin, 7- 
heptafluorobuQ7oylamino-4-<Uoro-3-(3-isothiureidopropQ}iy)isocoumarin,7-succmylamino- 
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4-chloro-3-(3-isotluureidopropo3y) isocoumarin, and 7-(o-phthalyl)amino-4-chloro-3-(3- 
isothiureidopropoxy) isocoumarin can be prepared by the same procedure. 

EXAMPLE SHC3 

Preparation of 7.(benzylcarbamoylaniino)4-chloro-3-(3-isothiureidopropo^) 

5 isocoumarin: 

7-(ben:gdcarbamoylamino)-4-chloro-3(3-bromopropo^) isocoumarin was prepared 
from the reaction of benzyl isocyanate with 7-amino4-chloro-3-(3-bromopropoxy) 
isocoumarin as described above, m.p. ISS-ISP^'C, mass spectrum: m/e = 359 (M+ -benzyl)- 
The final product was obtained from the reaction of 7-(benzylcarbamoyIamino).4-chloro-3- 
10 (S-bromopropoxy) isocoumarin with thiourea as described above (yield 74%), m.p. 
leS-iee'^Q mass spectrum (FAB+) m/e = 461 (M+-Br). Anal. Calc. for 
C^H22N4O4aBrS:0.75 IHF: C, 4836; H, 4.70; N, 9.40; CI, 656. Found: C, 48,13; H, 4.87; 
N, 9.65; a, 6.15. 

EXAMPLE SHC4 

15 Preparationon-(phenykcetylaniino)-4-chloro-3-(2-isothiureidoethoxy)isocoum^ 
7-Amino-4-diloro-3-(2-bromoethoxy) isocoumarin (0.15 g, 0.47 nunole) was first 
mixed with phenylacetyl cMoride (0.09 g, 0.55 mmole) in 10 ml of THF, triethylamine (0.05 
g, 0.47 mmole) was then added and the reaction mixture was stirred at r.t overnight. After 
Et3NHa salt was removed by filtration, the product 7-(phenylacetylamino)-4-chloro-3-(2- 

20 bromoethoxy) isocoumarin was crystallized from TEIF and Pet ether (yield, 73%), m.p. 
165-169*^0; mass spectrum; m/e = 436.7 (M+). The phenylacetyamino derivative (0.1 g) 
was heated with thiourea (0.02 g) to give the product 0.05 g O^eld, 40%), m.p. 115-120° C; 
mass spectrum (FAB+) m/e = 432 (M+ -Br). AnaL Calc. for C2oHi9N304ClBrS-OJ H2O: 
C 4559; H, 3.83; N, 8.05; CI, 6.80. Found: C, 46.09; H, 4.17; N, 8.02; CI, 6.79, 

25 EXAMPLE SHC5 

Preparation of 7-(R-a-methylbenzylcarbamoylamino)-4-chloro-3-(2- 

isothiureidoetho^) isocoumarin: 

7-(R-a-methylben2ylcarbamoylanMno).4-cUoro-3-(2-bromoetho^)isocouniar^ 

synthesized in the same manner as described above, m.p. 183-185** C; mass spectrum m/e 
30 » 464 (M+). This compound (0,1 g) reacted with thiourea (0.02 g) under the same 
condition described above to form thefinalproduct 7-(R-a-methylbenrylcarbamoylamino)-4- 
chloro-3-(2-isothiureidQethoxy) isocoumarin (0.078 g), m.p. 143-150^ C; mass spectrum 
(FAB+) m/e = 461 (M+ -Br). Anal. Calc. for C2iH22N4O4ClBrS 0.5H2O: C, 45.75; H, 
435; N, 10.17; a 6.44. Found: C, 44.95; H. 431; N. 10.02; a 636. 
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EXAMPLE SHC6 

Preparation of 7-(D-phenylalanylainino)-4-chloro-3(2-isothiureidoethoxy) 
Jsocoumarin: 

BooD-Phc (033 6 12 mmole) reacted with l^dicydohexylcarbodiimide (0,13 g, 0.6 
mmole) in 10 ml TEiF at 0*C for 1 hour to form the symmetric anhydride, and then 
7-ammo-4-chloro-3(2-bromoetho]Qr) isocoumarin (0.2g, 0.6 mmole) was added The reaction 
was stirred at r.t. overnight and the precipitate 7-(Boc-D-Phe-amino)-4-chloro-3- 
(2-bromoetho)y) isocoumarin was formed (0.29 g, 71%). TLC one spot, m.p, 180-182^0; 
mass spectrum m/3 « 566(M+). Anal Calc. for C25H25N205CIBr. Q 53.07; H, 4.63; N, 
4.95; a 6.27. Found: C, 53.25: H, 4.66; N, 4.87; a 6.24. Boc-D-Phe compound {02 g, 0.35 
mmole) was reacted with thiourea (0.027 g, 035 mmole) in the same manner to give 7-(Boc- 
D-phenylalanyIamino)-4-chloro.3-(2-isothiureidoetho)y) isocoumarin (0.14 g), yield 62%, 
niass specuSnTip^+Tm^ in 3 ml 

of TEIF at O^C and then the solvent was evaporated to dryness. The final product 
precipitated out after addition of ether, one spot on TLC (CH3CN:H20:AcOH = 8:1:1); mass 
spectrum (FAB"*-) m/e « 462 (M+ -Br •CF3COO). 

7-Boc*alanyIamino«4-chloro*3-(2-isothiureidoethQxy) isocoumarin, 7-benzoylamino- 
Ala-4-chloro-3(2-isothiureidoethoxy) isocoumarin, 7-benzoylamino-Phe-4-chloro-3-(2- 
isothiureidoethoxy) isocoumarin and 7-Boc-vaIylamino-4-chIoro-3*(2-isothiureidoethoxy) 
isocoumarin can be prepared by the same procedure. 

EXAMPLE SHC7 

Preparation of 7-(Boc-alanylalanyIamino)-4-chloro-3-(2-isothiureidoethoxy) 
isocoumarin: 

7-(Boo-alanylalanylamino)-4-chloro-3-(2-bromoethoxy) isocoumarin was synthesized 
in the same manner, m.p. 147-151*C; mass spectrum m/e = 561 (M*). Anal. Calc: C, 
47.12: H, 4.85. Found: C, 47.18; H, 4.87. Ihis compound (02 g) was reacted with thiourea 
(0.03 g) by the same procedure to form 7-(Boc-alanylalanylamino)-4-chloro-3-(2- 
isothiureidoethoxy) isocoumarin (0.04 g), mass spectrum m/e = 556 (M* -Br). 

7-(Alanylalanylamino)-4-chloro-3(2-isothiureidoethoxy) isocoumarin was prepared 
by deblocking of Boc-Ala-Ala-NH-CiTEtOIC with trifluoroacetic acid, mass spectrum 
(EAB+) m/e = 456 (M'' -Br -CFjCOO). 

EXAMPLE SHC8 

Preparation of 7-(phenylthiocarbamoylamino)-4-chloro-3-(2-isothiureidoethoxy) 
isocoumarin: 
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7-^henylthicxa]i}amoylainino)-4^ Jsocoumann was prepared 

from the reacdon of phenyl isothiocyanate with 7-aiiiino-4-chIoro-3-(2-broinoetha^) 
isocoumarin, yield 59%, m.p. 157-158*C; mass spectrum m/e ^ 361 (M* -PhNH+1). AnaL 
Calc: C, 4836; H, 339. Foun± Q 48^6; H 3.40. The hromoetho^y compound was then 
5 reacted with thiourea by the same procedure to give the final product, yield 32%; mass 
spectrum (FAB+) m/e 449 (M+ -Br). 

EXAMPLE SHC9 

Preparationof7-(m<arbo]q/phenyltWocarbamoyIamino)-4-cMoro-3-(2-^^ 
isocoumarin was prepared from the reaction of m-caiboxyphenyl isothiocyanate with 7- 

10 amino-4-d]Ioro-3-(2-bromoetho^) isocoumarin, yidd 64%, m.p. 157-158^ Q mass spectrum 
m/e 361 (M+ -(COOH3PhNH+-Br). 

7-(3-Huorobenzpyl)anuno4<Moro-3-(2-isothiureidoethaqr) isocoumarin, 7-(3- 
nitrobenzoyl)aniino-4-cMoro-3-(2»isothiurddoethaxy)faocoumaii^ 
chloro-3-(2-isothiureidoethoxy) isocoumarin, 7-diphenylpropionyIamino-4-chloro-3-(2- 

15 isothiureidoetho:^) isocoumarin, 7-(p-toluenesulfonyl) amino-4-chloro-3-(2- 
isothiureidoetho^^) isocoumarin, and 7-(a*tQluenesu]fonyl) amino-4-chloro-3-(2- 
isothiureidoetho]^) isocoumarin can be prepared from the reaction of corresponding 7- 
substituted-4-chloro-3-(2-bromoethoxy) isocoumarin with thiourea as described above. 7- 
substituted-4-chIoro-3-(2-bromoethoxy) isocoumarin can be synthesized by reacting 7-amino- 

20 4-cfaIoro-3-(2-bromoetho37) isocoumarin with appropriate acid chloride or sulfon)^ chloride 
in the presence of Et3N. 

7-Ethoxycarbonylamino-4-chloro*3-(2-isothiureidoetho3cy) isocoumarin, 7- 
ben^Ioxycarbonylamino-4-chloro-3-(2-isothiureidoethoxy) isocoumarin, and 7- 
pheno^carbonylamino-4-chloro-3-(2-isothiureidoethoxy) isocoumarin can beprepared from 

25 the reaction of 7«substituted-4-chloro-3-(2-bromoetho:^) isocoumarin with thiourea. 7- 
Ethaxycarbonylaniino-4<:hloro-3-(2-bromoetho}yJsocoumarin7-bei^ 
chloro-3-(2-bromoethoxy) isocoumarin and 7-phenQ3ycarbonylamino-4-chloro-3-(2- 
bromoethoxy) isocoumarin can be synthesized by reacting 7-amino-4-chloro-3-(2- 
bromoethoTey) isocoumarin with the corresponding chlorofonnate. 

30 C PEPTIDE KET O-CQMPQUNDS 

Peptide a-ketoesters, peptide a-ketoadds, and peptide a-ketoamides are transition 
state analog inhibitors for serine proteases and cysteine proteases. While these subclasses 
of compounds are chemically distinguishable, for simplicity, all of these conq>ounds will be 
referred to collectively herein as the Teptide Keto-Compounds". 
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Hi interactions of peptides with serine and cysteine proteases are designated herein 
using the nomenclature of Schediter, L, and Berger, 1967, Biochem. Biophys. Res. 
Commun. 27: 157-162 (incorporated herein by reference). The indiwdual amino acid 
residues of a substrate or inhibitor are designated PI, P2, etc. and the corresponding 
subsites of the enzyme are designated SI, S2, eta The sdssile bond of the substrate is 
Pl-Pr. The primary recognition site of serine proteases is SI. The most important 
recognition subsites of cysteine proteases are SI and S2. 

Amino add residues and blocking groups are designated using standard abbreviations 
[see J. BioL Clem. 260, 14-42 (1985) for nomenclature rules; incorporated herein by 
reference]. An amino acid residue (AA) in a peptide or inhibitor structure refers to the 
part structure -NH-CHRl-CO-, where Rl is the side chain of the amino add AA. A 
peptide a-ketoester residue would be designated -AA-CO-OR which represents the part 
structure -NH-CHRl-CO-CO-OR. Thus, the ethyl ketoester derived from benzoyl alanine 
would be designated B2-Ala-CX).0Et which represents C6H5CO-NH-CHMe-CO-CO-OEt. 
Likewise, peptide ketoacid residues residues would be designated -AA-CO-OH. Further, 
peptide ketoamide residues are designated -AA-CO-NH-R. Thus, the ethyl keto amide 
derived from Z-Leu-Phe-OH would be designated Z-Leu-Phe-CO-NH-Et which represents 
C^H5CH20CO-jra-CH(C3l2CHMe2)^-NH-CH(CH2Ph)-C^ 

Peptide a-ketoesters containing amino add residues with hydrophobic side chain at 
the PI site have also becai found to be excellent inhibitors of several cysteine proteases 
induding papain, cathepsin B and calpain. 

Calpains can be inhibited by peptide inhibitors having several different active groups. 
Structure-activity relationships with the commercially available in vitro inhibitors of Calpain, 
such as peptide aldehydes, have revealed that Calpains strongly prefer Leu or Val in the P2 
position. These enzymes are inhibited by inhibitors having a wide variety of amino acids 
in the PI position, but are generally more effectively inhibited by inhibitors having amino 
adds with nonpolar or hydrophobic side chains in the Pi position. Thus, we have discovered 
that anothw particular dass of compounds exhibiting Calpain inhibitory activity, when used 
in accordance with the present invention, are the Peptide Keto-Compounds. These are 
compounds of the general structure: 

O 

II 

M-(aa)^.C-Q-R 
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or a phaimaceuticaUy acceptable salt, wherein: 

M represents NH2-CO-, NH2-CS-, NH2-S02., X-NH-CO-, X-NH-CS-, 
X-NH-SQ2-, X-CX)-,X-CS-,X-S02-,X.0-C0-, orX-O-CS-.H. acetyl, carbobenza^, 
sucdnyl, methyloxysucdnyl, butyla^carboiqd; 

X is sdected from the group consfeting of Cl-6 allgi Cl-6 fluoroalkyl, Cl-6 
alkyl substituted with J, Cl-6 fluoroaDgrl substituted with J, 1-admantyl, 9-fIuorenyl, 
phenyl, phenyl substftuted with K, phenyl disubstituted with K, phenyl trisubstituted 
with K, naphthyl, naphthyl substituted with K, naphthyl disubstituted with K, 
naphthyl trisubstituted with K, Cl-6 alkyl with an attadied phenyl group, Cl-6 allgrl 
with two attadied phenyl groups, Cl-6 allgrl with an attadied pherqd group 
substituted with K, and Cl-6 allgrl with two attadied phenyl groups substituted widi 
^ 

J feVd^ted fronTtiiie group consisting of halogen, COOH, OR, CN, N02, 
NH2, Cl-6 aDraxy, Cl-6 allgrlamine, Cl-6 diaDtylamine, Cl-6 allgrl-O-CO-, Cl-6 
allgri-o-CO-NH, and Cl-6 alkyl-S-; 

K is selected from the group consisting of halogen, Cl-6 allgrl, Cl-6 
perfluoroalkyl, Cl-6 alkoxy, N02, CN, OH, C02H, amino, Cl-6 alkyiamino, C2-12 
dialkylamino, C1-C6 acjd, and Cl-6 alkaxjr-CO-, and Cl-6 alkyl-S-; 

aa represents a bkxted or unblocked amino add of the L or D 
configuration, preferably sdected from the group consisting c* alanine, valine, 
leucine, isoleudne, proline, methionine, mefliionine sulfoxide, phraijdalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, ghitamine, 
aspartic acid, glutamic add, lysine, arginine, histidine, phenylglydne, beta-alanine, 
norleudne (nle), norvaline (nva), alpha-aminobutyric add (abu), qjsilon- 
aminocaproic add, citrulline, hydro^roline, homoarginine, ornithine or sarcosine; 

n is a number from 1 to 20; 

Q is O or NH, 

R represents H, Cl-6 alkyl, Cl-6 fluoroalkyl, Cl-6 diloroalkyt ben^l, Cl-6 
alkyl substituted with phenyl, C1.6 alkyl with an attadied phenyl group substituted 
witbK. 

Hius, the Peptide Keto-Compounds can be divided into the Peptide Ketoesters, 
Peptide Ketoadds and Peptide Ketoamides. Each of the compounds can also be classified 
based on the number of amino acids contained within the compound, such as an amino add 
peptide, dipeptide, tripeptide, tetrapeptide, pentapeptide and so on. 
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We have found certain subclasses of Peptide ee-Ketoester compounds to be 
particularly useful as Calpain Inhibitors when used in accordance with the present invention. 
These subclasses are referred to herein as the Dxpeptidc a-Ketoesters (Subclass A)» the 
D^eptide a-Ketoesters (Subclass B), the Trq)eptide a-Ketoesters (Subclass A), the 
S Tripq)tide a-Ketoesters (Subclass B), the Tetrapeptide a-Ketoesters and the Amino Add 
Pqitide a-Ketoesters. All of these subclasses are considered to be to be within the dass of 
Peptide Keto-Compounds. 

The Dipeptide a-Ketoesters (Subdass A) are compounds of the formula: 
Ml-AAj-AAj-CO-O-Ri 
10 or a pharmaceutical^ aocq)table salt, wherein 

Ml represents H, NHj-CO-, NHj-CS-, NH2-SO2., X-NH-CO-, X2N-OO., X-NH-CS-, 
X2N-CS., X-NH.SO2-, X2N-SO2., X-CX)., X-CS-, X-SOj., X-O-CO-, or X-0-CS-; 

X is sdected from the group consisting of C^.^q ^-lo fluoroall^l, C^.^q all^l 
substituted with J, C^.^q fluoroallgrl substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 
15 substituted with K, phenyl disubstituted with K, phenyl tnsubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
^1-10 with an attached phenyl group, C^.^q allgd with two attached phenyl groups, C^.^q 
allgrl with an attadied phenyl group substituted with K, and C^.^q alkyl with two attached 
phenyl groups substituted with K, C^.^q all^l with an attadied phencxy group, and C^.^q allqrl 
20 with an attached phenoxy group substituted with K on the phenoxy group; 

J is sdected from the group consisting of halogoi, COOH, OH, CN, NO2, NH2, C^, 
IQ alkoxy, C^.^q allgrlamine, C^-n diallqrlamine, C^.^q allgd-O-CX)-, C^.^q alkyl-O-CO-NH-, 
and C1.1Q allgl-S-; 

Kis sdected from the group consisting of halogen, C^.^q aUc^d, C^^q perfluoroalkyl, 
25 C^.iQ alkojgr, NOj, CN, OH, CO2H, amino, C^.^q alkylamino, C2.12 dialkylamino, C^-C^q acyl, 
and C^.iQ alkoxy-CX>-, and C^jq alkyl-S-; 

AA^ is a side chain blocked or imblocked amino add with the L configuration, D 
configuration, or no chirality at the a-carbon sdected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
30 tryptophan, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
» glutamic add, lysine, arginine, histiduie, phenylglycine, beta-alanine, norleudne, norvaline, 

alpha-aminobutyric add, epsilon-aminocaproic add, dtruUine, hydros^proline, ornithine, 
homoarginine, sarcosine, indoline 2H::arboxylic add, 2-azetidinecarboxylic add, pipecolinic 
add (2-piperidine carbojylic add), O-methylserine, 0-ethylserine, S-methylcysteine, S- 
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ethylcysteine, S-beni^Icysteine, NH2-CH(CH2CHEt2)-COOfi[, aIpha-aininohq)tanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohexyI)-COOH, ira2-CH(CH2-cydopentyl)-COOH, NB2-CH(aE2-cydobutyl)-COOH, 
NH2-CH(CH2-cydopropyl)-CX)OBt trifluoroleudne, and hexafluoroleudhe; * 
5 AA2 is a side diain blocked or unblocked amino add with the L configuration, D 

configuration, or no diirali^ at the a<arbon sdected from the group consisting of leucine, 
isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, tryptophan, glycine, 
serine^ threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, glutamic add, 
lysine, arginine, histidine, phenylgl^dne, beta-alanine, norleucine, noivaline, alpha- 

10 aminobutyric add, epsilon-aminocaproic add, dtrullinie, hydros^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carboacyIic acid, 2-azetidinecarboxylic add, pipecolinic 
acid (2-piperidine carbos^Iic add), O-metfaylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzylcysteine, 1^2-CH(C3i2CHE^-^ add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 

15 cydohexyI)-COOH,NH2-CH(CH2<ydopentyI)-COOH,NH2-^ 

NEl2*^(^2*^^^P^^py^)~^0^^' tnfluoroleudne, and hexafluoroleudne; 

is sdected from the group consisting of H, 0^.20 ^1-20 ^ phenyl 

group attached to the C^.20 ^-20 ^ attached phenyl group substituted 

withK 

20 The Dipeptide a-Ketoesters (Subclass B) are compounds of the structure: 

Mi-AA.NH.CHR2-CX).C0-0-R 
or a pharmaceutically acceptable salt, wherein 

Ml represents H, NH2-CO-. NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO., X-NH-CS-, 
X2N.CS., X.NH-SO2., X2N^02-, X-CO-, X-CS-, X-SO2-, X-O-CO-, or X^-CS-; 

25 X is selected from the group consisting of C^.^q alkyi, C^.^q fluoroallgd, Cj^.^, allgi 

substituted with J, C^^^q fluoroallg^l substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Cj^io ^ attached phenyl group, C^.^q alkyl with two attached phenyl groups, Cj.^j . 

30 alkyl with an attached phenyl group substituted with K, and C^.^q alkyl with two attached 
phenyl groups substituted with K, Cj.^q alkyl with an attached phenoxy group, and C^.^q aBg^l 
with an attached phenoxy group substituted with K on the phenoxy group; 
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J is selected from the group consisting of halogen, COOH, OH, CN, NOj, NHj, q. 
10 alkojcy, q.^^ alkylamine, Cj^j^ diaftylamine, q.j^ alkyl-O-CX)-, q.^^ alkyl-O-CO-NH-, 
and q.io allgrl-S-; 

K is selected from the group consisting of halogen, q.jo alkji q.^ perfluoroalkyl, 
q.lO alkojiy, NOj, CN, OH, CO^H, amino, q.^^ allgdamino, q.12 diallgdamino, C^-C^q acyl, 
and q.io alkoxy-CO-, and q.jQ alkyl-5-; 

AA is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leudne, isoleudne, proline, methionine methionine sulfoxide, phenylalanine, 
tryptophan, gjtjrdne, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic add, lysine, arginine, histidine, phenyl^dne, beta-alanine, norleudne, norvaline, 
alpha-aminobutyrk; add, epsilon-aminocaproic add, catruDine, hydrojQproline, ornithine, 
homoarginine,-sarcosine,-indoline-2=caiboxylic add, 2;^tidin^^^ 
add (2-piperidine carbo^lic add), O-metlqrlserine, O-etb^lserine, S-methylcystein^ S- 
etf»yl<ysteine, S-benzjdtysteine, N%.CH(CH2CHEt2)-COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2.1.napthyl).COOH, NH2-CH(CH2-2-napthyl)-COOH, KHj-CHCCHj- 
cydohoQrl).CX)OH, NH2-CH(C3J2<ydopentyl)-COOH, NH2-CH(CH2-cydobutyl).CXX>H, 
NH2-CH(CH2<ydppropyl)-COOH, trifiuordeudne, and hexafluoroleudne; 

R2 represents q^ brandied and unbrandied all^l, q^ branched and unbrandied 
cydized all^ or q^ hrandied and unbranched fiuoroaUcyl; 

R is sdected from the group consisting of H, q^ alkyl, q.jo alkyi with a phenyl 
group attached to the q^ alkyl, and q.20 alkyl with an attadied phenyl group substituted 
withK 

Ihe Tripq)tide a-Ketoesters (Subdass A) are compounds of the structure: 
M3-AA-AA-AA-CO-O-R 
or a pharmaceutical^ aocqjtable salt, ^iierein 

M3 represents H, NHj-CX)-, NI^-CS-,NH2-S02-, X-NH-CO-, X2N-CO-, X-NH-CS-, 
XaN-CS-, X-NH-SO2-, XjN-SOj-, X-CO-, X^-, X^02-, T^-CXD-, or X-O-CS-; 

X is sdected from the group consisting of q.jQ alkyl, q.^, fluoroallgrl, q.^^ alkyl 
substituted with J, q.jo fluoroalkyl substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
q.io an attached phenyl group, q.^, alkyl with two attach d phenyl groups, q.^, 

alkyl with an attached phenyl group substituted with K, and q.jQ alkyl with two attached 
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phenyl groups substituted with K, C^^q with an attached phencny group, and C^.^q allgd 
with an attached pheno^ group substituted with K on the phmoxjr group; 

T is selected from Ae groi^ consisting of C^^io ^-lo Auoroalkjrl, 0^,^^ allgrl 
substitutedwith J, C|.jofluoroall7l substituted with J, l-admanlyl,9-fluoren]!], phenyl, phenyl * 
5 substituted wiA K, phenyl disubstituted with K, pheqrl trisubstituted widi naphtl^l, 

naphthyl substituted with K, naph%l disubstituted with K, nq>hthyl trisubstituted with K, * 
C2.10 an attached phenyl group, Cj.io all^l wiA two attached pheiQd groi^, Ci.jq 

aHyl widi an attadied phaqi group substftuted widi and C^.^q alfyl with two attached 
phenyl groups substituted with K; 
10 J is selected from the groip consisting of halogen, COOB, OH, CN, NOj, N^, C^. 

jQ aJkcasy, C^.^g allgdamine, C^-u dialkylamine, Cj.^o al^-O-CO-, C^,^ aflgrl-O-CO-NH-, 
and Cj.jo allgd-S-; 

K is selected from the gfbupconasting^ h'db^ all^ C^.^q peiiluoroall^ 

Ci.io aDcojgr, NOj, CN, OH, CO^ amino, C^.jq aUgrlamino, C2.12 diaBgrlamino, CyC^Q acyi, 

15 and C^.jo alkoKsr-CO-, and C^.jo all^l-S-; 

AA is a side chain Uodced or unhlodced amino acid with the L configuration, D 
configuration, or no chirality at the a<arbon selected from the group consisting of alanine, 
valine, leucine isoieucine, proline, methionine methionine sulfoxide, phenylalaninei 
tiyptophan, glycine, serine, threonine, cystdne, tyrosine, asparagine, ^ntamine, aspartic add, 

20 glutamic acid, lysine, arginine, histidine, phenyl^^dne, beta-alanine, norleucine, norvalin^ 
a^ha-aminobutyric add, epsilon-anunocaproic add, citruQine, hydrosg/prdine, otnidiine, 
homoarginine, sarcosine, indoline l-carbos^lic add, 2-azetidinecarbcKylic add, pq)ecQlinic 
add (2-piperidine carbax$ilie add), 0-metfaylserine, O-etlqrlserine, S-mediylcysteine, S- 
ellrsrlcysteine, S-ben^lcysteine, NH2-CH(CH2CHEt2)-CX:>0:^ alpha-aminoheptanoic add, 

25 NH2-CH(CH2-l-napthyl)-C00H, NH2-CH(CH2-2-napthyl).COOH, NHj-CHCCHz- 
cydoheJ5yI)-COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cydobutyl)-COOH, 
NH2-CH(CH2-cydopropyl)-COOH, trifluoroleudn^ and hexafluoroleucine; 

R is sdected from the group consisting of H, C2.20 dlgi, C1.20 alkyl with a phenyl 
group attached to the 0^.20 allgd, and 0^,20 aSkyl with an attached phenyl group substituted 

30 withK. 

Hie Tripeptide a-Ketoesters (Subdass B) are compounds of the structure: 1 
Mj-AA-AA-NH-CHRj-CXD-CO-O-R 
or a pharmaceutically acceptable salt, wherein 
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M3 rqiresents H, NH2-CO-, NH2-CS-, NH2-S02-» X-NH-CO-, X^N-CO-, X-NH-CS-, 
X2N-CS-, X-NH-SO2-, XaN^Oj-, X-00-, X-CS-, X-SOj-, T-O-CX)-, or X-O-CS-; 

X is selected from the group consisting of C^.^q all^^ C^.^q fluoroalkyl, C^-io 
substituted with J, C^.^ofiuoroall^l substituted with J, l-admantyl, 9-fluorenyJ, phenyl, phenyl 
5 substituted with K, phenyl disubstituted with phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
C^.I0 aU^l with an attached phenyl group, C^.^q alkyl with two attached phenyl groups, C^^^q 
all^l with an attached phenyl group substituted with K, and C^.^q alkyl with two attached 
phenyl groups substituted with K, C^.^q all^l with an attached phenaxy group, and C^.^q alkyl 
10 with an attached phenoT^ group substituted with K on the phenaxy group; 

T is selected from the group consisting of C^.^^ alkyl, C^.^o fiuoroall^l, C^.^q alkyl 
substituted with J, C^.^q fluoroalkji substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 

substituted-with-Kr-phenyl-disubstituted-with-I^phenyl-^ K, naphthyl, 

naphdiyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
P2-10 ^ attached phenyl group, C^.^q all^l with two attached phenyl groups, C^.^q 

alkyl with an attached phenyl group substituted with K, and C^.^g alkyl with two attached 
phenyl groups substituted with K; 

T is selected from the group consisting of halog», COOH, OH, CN, NO2, NI^, C^. 
20 alkoxy, Cj^.^^q alkylamine, C^.^q diallgdamine, C^.^q aUtyl-O-CO-, C^.^q aU^I-O-CXD-NH-, 
20 and C^.^q alkyl-S-; 

K is selected from the group consisting of halogen, C^.^q ^mo perfluoroallgrl, 
C^.^o alkoxy, NO2, CN, OH, CO2H, amino, C^.^g ^ll^l&niino, C^^^ dialkylamino, C^-Cio 
and C^.^Q alkoxy-CX)-, and C^.io ^Ucyi-S-; 

AA is a side chain Uodced or unblocked amino acid with the L configuration, D 
25 configuratioxi, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, metiiionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic add, fysine, argimne, histidine, phenylgjiydne/beta-alanine, norleudne, norvaline, 
a^ha-aminobutyric add, epsilon-aminocaproic add, dtniUine, hydroxyproline, ornithine, 
30 homoarptiine, sarcosine, indoline 2*carbo3ylic add, 2*azetidinecarboxylic add, pipecolinic 
add (2-piperidine carboxylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-benzylcysteine, KB2*CH(CH2CHEt2)-COOH, a]^ha*aminohqptanoic add, 
NH2-CH(C3l2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyl).COOH, NH2-CH(CH2- 
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cydohexyl)-COOH, NH2-CH(CH2-cydopentyl)-COOH, NBi-CH(CH2-<ydobutyl)-OOOH. 
NH2-CH(CH2-{ydopropyl)-COOH, trifhioroleudne, and herafluoroleudne; 

Rj represents C^^ brandied and unbrandied alkyl, C^^ brandied and unbrandied 
qrdized alkyJ, or Cj^ brandied and unbrandied fluoroal^* 
5 R is sdected from the group consisting of H, allgrJ, C^,^ alkyl with a phenyl 

group attadied to the q.20 alkyl, and q.20 alkyl with an attadied phenyl group substituted 
withK 

The Tetrapeptide o-Ketoesters are compounds of the structure: 

M3-AA4-AA-AA-AA-CO-O.R 

10 or a pharmaceutically accq)table salt, whnein 

M3representsH,NH2-CO..NH^-CS-,NBi-S02^X.m-a)^X^-CO.,X.m<^^ 

X^N-CS-, X-NH-SO2-, XjN-SOj-, X-CO-, X^-, X-SOj-, T-O-CX)-, or X-O-CS-; 

^Xlklelerted from the"ff:oup consist^'of C^.jq ^^C^jiq fluoroaDgrl,-q.io allgil 
substituted with J, C^.^ fluoroallgrl substituted with J, 1-admantyJ, 9-fluorenyl, phenyl, phenyl 

15 substituted with K, phenyl disubstituted with K, phenyl trisubstituted with % naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstitnted with K, 
Ci.io alkyl with an attached phenyl group, q.jo allgi with two attadied phenyl groups, q.jo 
alkyl with an attadied phenyl group substituted wifli K, and C^.^q allqrl with two attadied 
phenyl groups substituted with K, q.jo alkyl with an attadied pheno^ group, and Cj.jo ^ 

20 with an attached pheno^ group substituted wiAK on the pheno^gr group; 

T is selected from the group consisting of C^.^q alkyl, q.jo fluoroalkyl. q.^ alkyl 
substituted withJ,q.iofl"oroalkylsubstitutedwithJ,l-admantyl, 9-fluorenyl, phenyl, phenyl 

substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
25 C2.10 ^1 ^ ^ attached phenyl group, q.jo allqrl with two attached phenyl groups, C^.k, 
alkyl with an attadied phenyl group substituted with K, and Cj.jo allgil with two attadied 
phenyl groups substituted with £4 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, Cj. 
10 alkoxy, q.io alkylamine, Cj^^ diallgrlamine, q.jo aUgi-O-CO-, q.ig alkyl-(>CO-NH., i 

30 and q.io alkyl-S-; 

K is sdected from the group consisting of halogen, q.jo alkyl, q.jo peifluoroallg^l, , 

q.io alkoxy, NOj, CN, OH, CO2H, amino, q.io alkylamino, C^jj^^^^*^"' ^'^0 
and q.jo alko:y.CO-, and q.io alkyl-S-; 
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AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, Jsoleudne, proline, methionine, methionine sulfoxide, phenylalanin , 
tryptophan, glt^rdne, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
5 glutamic add, lysine, arginine, histidine, phenylglydne, beta-alanine, norleudne, norvaline, 
alpha-aminobuQric add, q)silon*aminocaproic add, dtnilline, hydros^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carbo3Qrlic add, 2*azetidinecarbo37lic add, pipecolinic 
add (2-piperidine carbos^lic add), O-methylserine, O-ethylserine, S-meth)dcysteine, S- 
ethylcysteine, S-benzylcysteine, NH2-CH(CH2CHEt2)-CX)OH, alpha-aminoheptanoic add, 

10 NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 
cydohexyl)-COOH, NH2-CH(CH2-cydopentyl).COOH, NH2-CH(CH2-cydobutyl)-COOH. 
NH2-CH(CH2-cydopropyl)-COOH, trifluordeudne, and hexafluoroleudne;; 

AA^is-a-ddediainblDdcedor unbiodcedaminoaddwith-t^^^ D 
configuration, or no diirali^ at the a-carbon sdected from the group consisting of leucine, 

IS isoleudne, methionine, methionine sulfoxide, phenylalanine, tryptophan, glycine, serine, 
threonine, cysteine, ^osine, asparagine, glutamine, aspartic add, glutamic add, lysine, 
arginine, histidine, phenylglydne, beta-alanine, norleudne, norvaline, alpha-aminobutyric 
acid, epsilon-aminocaproic add, dtruUine, hydroxyproline, ornithine, homoarginine, 
sarcosine, indoline 2-carbo3cylic add, 2-azetidinecarbo)Eylic add, pipecolinic acid (2*piperidine 

20 carbo^c add), O-methylserine, O-ethylsaine, S-methylcystdne, S-ethylcysteine, S- 
benzylq«teine,NH2-aa(CH2CHEt2)-COOH,alpha-an^ 
napthyl)-COOH,NH2-CH(CH2-2.napthyl)-COOH,NH2-CH(CH2K^^ 
CH(CH2-cydopentyl).COOH, NH2-CH(CH2-cydobutyl)-COOH, NH2-CH(CH2- 
cydopropyl)-COOH, trifluoroleudne, and hexafluoroleudne; 

25 R is sdected from the group consisting of H, C^.jo ^1-20 ^ phenyl 

group attached to the Cj^.20 ^-20 ^ attached phenyl group substituted 

vdthK 

Hie Amino Acid Peptide a-Ketoesters are compounds of the structure: 
Mi.AA.CX)-O.R 
30 or a pharmaceutically acceptable salt, wherein 

Ml represents H, NH2-CO-, NH2-CS-, NH2-SO2-, X-NH-CO-, X2N-CO-, X-NH-CS-, 
XjN-CS-, X-NH-SO2-, X2N-SO2-, Y-CO-, X-CS-, X-SO2-, X-O-CO-, or X-O-CS-; 

X is sdected from the group consisting of C^^^q allgrl, C^^^q fluoroallgi all^l 
substituted with J, C^.^q fluoroallgrl substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 
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substituted with E; phei^I disubstituted with pheayl trisubstituted with K, naphthyl, 
naphth^ substituted with K, naphth>l disubstituted widi K, naphthyl trisubstituted with K, 
q.io aDcyl with an altadied phenyl group, C^.j^ alkyl with two attached phenyl groups, 
allgl with an attached phenyl group substituted with K, and C^^o ^ attached * 
5 phenylgroups substituted with 1^ Ci.jq aUgrlwith an attadied phenoo^ group, and C^^q 

with an attadied phenogr groi^ substituted with K on die phenm^ group; ' 

Y is selected from the groi^ consisting ci C^^ allgd, C^.^q fluoroalkyl, C^.^o 
substituted with J, Ct^g fluoroallgrl substituted with J, l-admanfyl, 9-fiuoraiyI, pheiqrl 
substituted widi K, pheigrl disubstituted with K, pheiqd trisubstituted with K, na^dithyl, 

10 naphthyl substituted with K, naphthyl disubstituted with K, naphtlqrl trisubstituted with K, 
Pi.iQ alkyl witfi an attached phenyl group, Ci.jd alkylwith two attadied phaiyl groups, C^,^ 
aJkyL with an attadied phenyl group substituted with K, and C^.^q attached 
phenyl groups substituted with 

J is selected from the group consisting of halogoi, CDOH, OH, CN. NOj, C^. 

15 10 alkcngr, q.jo allgrlamine, C2.12 dialkylamine, q.jo aftyl-O-CO-, Ci.io alkyl-O-CO-NH-, 
and C|.io alkyl-S-; 

Kis selected from the group consisting of halogen, C^.^q all^l. Ct.io P^uoroalkyl, 
q.loalkojy,N02, CN, OH, CO^, amino, q.jflaniylamino, C2.i2dialI^amino, q-qo^cyl, 
and q.jQ alko^-CO-, and q.^g al^lfS-; 

20 AA is a side diain Uodced or unblocked amino add with tiie L configuration, D 

configuration, or no chirality at Ae a-caibon selected from the group consisting of alanine, 
valine, leudne, isoleudne, proline, metiiionine, methionine sulfoxide, phoiylalanine, 
tr^tophan, £^ydne, serine, threonine, cystdne, ^rosine, asparagine, {^utamine, aspartic add, 
glutamic add, fysine, aiginine, histidine, phoiylgj^dne, beta-alanine, noiieucine, norvaline, 

25 sJpha-aminobu^ic add, q>siIon-aniinocaproic add, citrulline, hydrogrproline, omidiine, 
homoaiginine, sarcosine, indoline 2-carboK]ilic add, 2-azetidinecarboxylic add, pipeoolinic 
add (2-piperidine carixn^ add), 0-me%lserine, O-ethylserine, S-metlqicysteine, S- 
ethylcysteine, S-ben^lcysteine, 1im^CH(C^(:^t^y(X30H, alpha-aminohqitanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyi)-COOH, NHi-CHCCHj- , 

30 (ydoheasyl)-COOH, NH2-CH(CH2-cydopentyl>OOOH, NH^CH(C3J2-cydobutyl).CX)OH, 

NH2-CH(CH2-cydopropyl>COOH, trifluordeudne, and hexafluoroleudne; ? 

R is sdected from the group consisting of H, q.20 ^Osyl, q.20 allgri with a phenyl 
group attached to the q.20 allgrl, and q.20 alkyl with an attadied phenyl group substituted 
withK. 
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The following Pqptide Ketoesta compounds are representative of the Peptide Keto- 
Compounds found to be usefiil as Calpain inhibitors within the context of the present 
invoition: 

Bz-DL-AIa-COOEt 
5 B^DL-Ala-COOBzl 
Bz-DL>Ala-CX>QnBu 
Bz-DL-Phe-COQEt 
B2-DL.Ala-CX)OCH2-C^4-CF3 (para) 
Bz-DL-Arg-COOEt 
10 Bz-DL-Lys-OOOEt 

Z-Ala-DL-Ala-COOEt 
Z-Ala-DL-AIa-CCX^Bzl 

Z-AIa-DLrAla-COOnBu ■ 

MeO-Suc-Ala-DlAAla-COOMe 
15 Z-Leu-Nva-CCXDEt 

Z-Leu-Nle-OOOEt 
Z-Leu-Phe<DOEt 
Z-Leu-Abu-COOEt 
Z-Leu-Met-COOEt 
20 Z-Phe-DL-Phe-OOOEt 

H-G]y-DL-Lys-CXX)Et 
H-Ala-DL-Lys-COOEt 
H-Pro-D]>Lys-COOEt 
H-Phe-DL-Lys-COOEt 
25 Z-Ala-Ala-DL-Ala-COOEt 

Z-Ala-Pro-DL-Ala-COOEt 
ZAla-Ala-DL-Abu-CXX>Et 
Z-Ala-Ala-DL-Abu-COOBzl 
Z-AIa•Ala-DL-Abu-COOCH2-C£^4-CF3 (para) 
30 MeO-Suc-Val-Pro-DL-Phe.CXX)Me 

H-Leu-Ala-DL-Lys-CX}OEt 
Z-Ala-Ala-Ala-DL-Ala-CX>OEt 
MeO-Suo-AJa-Ala-Pro-DLAbu-COOMe. 
Z-Leu-Fhe-OOOEt 
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FhCO-Abu-COOEt 

(CH3)2CH(CH2)2CX)-Abu-CX)OEt 

CH3CH2CH)2CHOO-Abu-COOEt 

Ph(CByfiOO-Aliu-COOEt 
S Z-Leu*4-a-Fhe-COOBt 

Z-Leu-Leu-Abu-COOEt 

Z-Leu-Leu-Fh&COOBt 

2-NapS02-Leu-Abu-CX}OEt 

2-NapS02-Leu-Leu-Abu-CX:>OEt 
10 Z-Leu>NLeu-CO^ 

Z-Leu-Kie-CO^u 

Z-Leu-Abu-CX>pu 

Z-Leu-Phe-COjBzl 

ZrLeu-Abu-CX)^zL 

15 WeIwvefoundcertam5ubdassesofPeptideKetoaddC3Dinpoiindsto 

useful when used in accordance with the present invention. These are subclasses are the 
Dqieptide «-Ketoadds (Subdass A), theDq>eptide o-Ketoadds (SubdassB), theTiqjeptide 
a-Ketoadds, the Tetrapq>tide «-Ketoadds and the Amino Arid peptide c-Ketoadds. AH 
of these are considered to be within the dass of Peptide Keto-Compounds. 

20 The Dipeptide o-Ketoadds (Subdass A) are con^jounds of the structure: 

M1-AA-NH-CHR2-CO-CO-OH 

or a pharmaceutically acceptaMe salt, wherdn 

MirepresentsH,Ml2<:0-,N%CS^NH2-S02^X-NH-a>^3y^-CX>-,X.^^ 

X2N-CS-, X-NH-SO2-, X2N-SO2-, X-CO-, X-CS-, XSOf, X-O-CO., or X-OCS-; 

25 X is selected from the group consisting of q.jo ^^10 fbmTosJkyl, Cj.^) alkjd 

substituted with J, q.^fluoroall^lsubstitutedwith J, l-admantyl, 9-fluoreiiyl.pheiqd,pheiqil 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Clio allgrl with an attached phenyl group, q.jo ^° attached phenyl groups, q.io i 

30 alkyl with an attached phenyl group substituted with K, q.io ^* ^° attadied phenyl 

groups substituted with K, q.io all^l with an attadied phenoxy group, and q.jo alkyl with . 
an attached phaio^gr group substituted wiA K on the phenojqr groiq); 
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J is selected from the group consisting of hatogen, COOH, OH, CN, NOj, NH2, q. 
10 alkray, C1.10 alkylamine, €2,12 dialkylamine, q.^ alkyl-O-CO-, q.jo aUgrl-O-CO-NH-, 
and aIlgd-S>; 

K is selected from the group consisting of halogen, q.^o allgri, perfhioroaDyl, 
q.lo«lko3y, NO2, CN, OH, CXJjH, amino, q.ioall^iamino» C^iadiall^lamino, q-Cjo acyl, 
and q.iQ akaxy-CO-, and aflgrl-*-; 

AA is a side diain Uocked or unUodced amino add with the L configuration, D 
configuration, or no chirali^ at the a^aibon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, 
glutamic add, lysine, arginine, histidine, phen^gfydne, beta-alanine, norleudne, nonraline, 
a^ha-aminobutyric add, epsilon-aminocaproic add, dtrulline, hydrojgproline, ornithine, 
homoarginine,-sarcosin^indoline-2=carbo3tylic add, 2-azetidinecarboxjrlic add, p^)ecolinic 
add (2-piperidine carboxylic add), O-methylserine, O-ethylsetine, S-methylcysteine, S- 
ethylqrsteme, S-benzylcysteine, NH2-C3I(CH2C3aEt2)-CX)OH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l.napthyl)-COOH, NH2.CH(CH2-^napthyl).COOH, NHa-CHCCHa- 
cydoh«Jsyl).CXDOH, NH^-CH(CH2-cydopentyl>COOH, NH2.CH(CH2<ydobutylKX)OH, 
NH2'<3I(CI^-(ydopropyl)-000£; trifluordeudne, and hexafluoroleudne; 

R2 rqiresoits q^ brandied and unbrandied allcyl, q^ tnwdied and unfaranched 
qrdized allgr], or q^ brandied and unbrandied fluoroall^ 

The Dq>q>tide a-Ketoacids (Subdass B) are compounds of the structure: 
Mi-AAj-AAj-CO-OH 
or a pharmaceutically aocqjtable salt, wherein 

Mj rqiresents H, NHj-CO-, NH^-CS-, NH^-SOj-, X-NH-CO-, X^N-CO-, X-NH-CS-, 
XjN-CS-, X-NH-SO2-, X2N.SO2-, X-CO-, X-CS-, X-SO2-, X-O-CO-. or X-O-CS-; 

X is sdected from the group consisting of q.jQ allgrl, q fluoroalkyl, q.jo alkyl 
substituted with J, q.^^ fluoroalkyl substituted with J, l^dmantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
q.io alkyl iRith an attadied phenyl groi^, q.j^ allqrl with two attached phenyl groups, q.j^ 
aDcyl with an attadied phenyl group substituted with K, and q.jo alkyl with two attadied 
phenyl groups substituted with K, q.io alkyl with an attached phenoxy group, and q.^ allgrl 
with an attadied phenoi^ group substituted with K on the phenoxy group; 
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J is selected from the group consisting of halogen, COOB^ OH, CN, N02^ NBC^r Cj. 
10 alfangr, q.^o aD^lamine, C^i2 dialkylamine, C^.^ aUqrl-O-CO-, q.^o alkyl-O-CO-NH-, 
and q.^o alkyl-S-; 

Kis sdected from the groi^) consisting of halogen, C^.^q all^ C^^^q perfluoroallgrl, f 
5 q.ioalkoxy,N02, CN, OH, CO2H, amino, q.^oalkylamino, C2^^diBa^]dmmo, q-qo^^yl 

and q.io alkoog^-CO-, and q.io all^l-S-; ' 

AA^ is a side chain blocked or untdodced amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 

10 tryptophan, serine, threonine, cysteine, tyrosine, aaparagine, gjtutamine, aspartic add, 
glutamic add, lysine, arginine, histidine, phenylglydne, beta-alanine, norleudne, norvaline, 
alpha-aminobutyric add, epsilon-aminocaproic add, dtruUine, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-caibo^Iic add, 2-azetidinecarbaKylic add, pipeodinic 
add (2-pipradine carboxylic acid), O-methylserine, O-etlqdserine, S-methylcysteine, S- 

15 ethylcysteine, S-benzylcysteine, N]^.CH(C3l2CHEt2).COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl).COOH, NH2-CH(CH2-2-napthyl).COOH, NH2-CH(CH2- 
cydoheyl)-COOH, NH2-CH(CH^-cydopentyl)-CX30H, NH2-CH(CH2-cydobutyl)-COOH, 
NH^-C3a[(CH2<ydoprqpyi)-COOH trifluoroleudne, and herafhioroleudne; 

AA2 is a side diain blodced or unUodced amino add with the L configuration, D 

20 configuration, or no duralily at the o-carbon sdected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic add, tysine, arginine, histidine, phei^iglydne, beta-alanine, norleudne, norvaline, 
alpha-aminobu^rac add, epsilon-aminocaproic add, dtrulline, hydroJOTToline, ornithine, 

25 homoarginine, sarcosine, indoline 2-carbo}9iic add, 2-azetidinecarboxylic add, pipecdinic 
add (2-p5)eEidine carboj^Iic add), O-methylserine, O-ethylsrane, S-methylcystdne, S- 
ethylcysteine, S-benzylcysteine, NH2-<2I(CH2CHEt2)-COOH, alpha-aminohq)tanoic add, 
NH2-CH(C3l2-l-napthyI)-C00H. NH2-CH(Cai2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohejjyl)-COOH, NH2-CH(CH2-cydopenlyl).COOH, NH2-CH(CH2-cydobutyl).COOH. , 

30 NH2-CH(C3l2<ydopropyl)-CX)Oa trifhioroleudne, and hexafluoroleudne. 

Ihe Tdpeptide a-Ketoadds are compounds of the structure: ^ 
M^-AA-AA-AA-CO-OH 
or a pharmaceutically acceptable salt, wherein 
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Mj rq)re8ents H, mi^rCO-. NKj-CS-, NHj-SOj-, X-NH-CO-, XjN-CO-, X-NH-CS-, 
XjN-CS-, X-NH-SOj., XjN-SOj-, X-CO-, X^S-, X-SOj-, X^-CO-, or XO-CS-; 

X is selected from the group consisting of Cj.jq alkyj, Cj.jo fluoroallgd, Cj.jq aikjii 
substituted with J, q.jo fluoroalkyl substituted with J, 1-admantyl, 9-fluoreny], phenyl, phenyl 
substituted with K, phenyl disubstitoted with K, phenyl tiisubstitated with K, naphthyi 
naphthyl substituted with K, naphthyl disubstituted with K, naphti^l trisubstituted with K, 
Ci.10 alkyl with an attadied phei^ group, C^.^) all^l wiA two attached phenyl groups, C1.10 
all^I with an attached phenyl group substituted with K, and Ci,iq alkjd with two attadied 
phenyl groups substituted with K, C^.^ alkyl with an attached phenoxy groDp, and C^.^g alkyl 
with an attached phenraiy group substituted with K on die phenro^ group; 

J is selected firam the group consisting of halogen, COOH, OH, CN, NOj, NHj, C^, 
10 alkoxy, q.^^ alkylamine, €2.12 dialkyiamine, (^.jq aDgd-OCO-, C^,^ alkyl-O-CO-NH-, 
—and-C^^^O-all^l^; 

K is selected from the group consisting of halogen, C^.^q allgrl, C^,jq peifluoroall^ 
Ci-io aUto^. NO2, CN, OH, CO2H, amino, q.jo alkjdamino, C^jj dialkylamino, q-qo acyl 
and q.^Q alkoJ^-CO-, and q.jQ alk^-S-; 

AA is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no diirality at the a-carbon sdected from the group consisting of alanine, 
valine, leucine, isdeudne, proline, methionine, methionine sul&adde, phenylalanine, 
ttyptophan, glycine, serine, threonine, cysteine, tyro^e, aq>aragine, g^tamine, a^attic add, 
glutamic add, ^^e, arginine, histidine, phengrlg^^dne, beta-alanine, norleucine, norvaline, 
alpha-aminobutyrk add, epsilon-aminocaprok add, dtrulline, hydrm^roline, ornithine, 
homoar^bine, sarcosine, indoline 2-caiba:7lic add, 2-azetidinecarbQ)^ic add, pipecolinic 
add (2-piperidine carboxylic add), O-methylserine, O^thylserine, S-methykysteine, S- 
ethylcysteine, S-ben^lcysteine, NB^-CH(CH2C3IEt2>CX)OH, alpha-aminoheptanoic add, 
NH2-CH(CH2.1-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NHj-CHCCHj- 
cydohexyl)-COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-C3I(CH2-cydobutyI)-COOH, 
NH2-CH(CH2<ydoprqpyl)-C»OH, triflnoroleudne, and hexafluordeudne. 

The Tetrapq>tide a-Ketoadds are compounds of the structure: 
Mj-AA-AA-AA-AA-CO-OH 
or a pharmaceutical^ aocq>table salt, ^wdn 

Ml represents H, NHj-CO-, NHj-CS-, NHj-SOj-, X-NH-CO-, XjN-CO-, X-NH-CS-, 
XjN-CS-, X-NH-S02-, X^N-S02-, Yj-OO-, X-CS-, X-S02-, X-O-CO-, or X-O-CS-; 
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X is selected from the group consisting of C^.^q ^-10 fluoroallgri, C^.^q alkyl 
substituted with J, C^.^ofluoroalkylsubstituted with J, 1-adman^l, 9-fiuorenyl, phenyl, phenyl 
substituted with X, phenyl disubstituted with E, phenyl txisubstituted with naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with E, naphthyl tiisubstituted with K, 
5 C|.20 ^1^^ ^ attached phenyl group, C^.^g allgd with two attached phenyl groups, C^.^q 
alkyl with an attadied phenyl group substituted with ^ and C^.^q allgd with two attached 
phenjil groups substituted with E, C^.^pall^l with an attached phenos^ group, andC^.^Qallgd 
with an attadied phenoo^ group substituted with K on the phenoxy group; 

is selected from the group consisting of C^io ^i-io Auoroallgd, C^.^q 
10 substituted with J, C^.^Qfluoroal^lsubstituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted indth K, phenyl tdsubstituted with K, naphihjd, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl tdsubstituted with K, 
^C[;^OylTOth"ana C^.^q 
alkyl with an attadied phenyl group substituted with K and C^.^q attadied 
IS phenyl groups substituted with 1^ 

J is sdected from the group consisting of halogen, COO]^ OH, CN, NO2, NH2, C^. 
10 alkray, q.io allgrlamine, 02^12 dialkylamine, q.^o alkyl-O^X)-, q.io allq4-0<:0-NH-, 
and C^.^o all^l-S-; 

K is sdected from the group consisting of halogen, C^.^o aUoi C^.io p^uoroalkyl, 
20 Ci.iQ aflcQjgr, NO2, CN, OH, C02l^ amino, C^.^q aUg^lamino, C2-i2diaD^lamino, C^-C^q acyl, 
and C^.io allany-CO-, and C^.^q allgd-S-; 

AA is a side diain blocked or unblocked amino add wiOi the L configuration, D 
configuration, or no durality at the a-catbon sdected from the group consisting of alanine, 
valine, leucine, isoleudne, proline^ methionine^ methionine sulfoxide, phenylalanine, 
25 tiyptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, ^utamine, aspartic add, 
glutamic add, fysine, arginine, histidine, phenylglydne, beta-alamne, noileudne, norvaline, 
aIpha*aminobut/ric add, epsilon-aminocaproic add, citrulline, l^droxyprdine, ornithine, 
homoarginine, sarcosine, indoline 2-caxbo37lic add, 2pazetidinecarbo37lic add, pipecolinic 
add (2-piperidine carboxylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
30 ethylcysteine, S-ben:grlcysteine, NE]2-CH(CB[2CHEt2)-COOH, alpha-aminoheptanoic add, 
NH2-C3I(CH2-l-napthyl).COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-C3I(CH2- 
cydohexyl)-COOH, NH2-CH(CH2<ydopentyl)-COOH, NB^-CH(CH2<ydobutyl)-CX)OH, 
NH2*CH(CH2<ydoprop}d)-COOH, trifluoroleudne, and hexafiuoroleudne. 

The Amino Add Fq)tide a-Ketoadds are compoimds of the structure: 
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Mj-AA-CO-OH 
or a phannaceuticatty acceptable salt, wherein 

Mj represents H, NHj-CO-, NHj-CS-, NH2-S02-, X-NH-CO-, X^-CX)-, X-NH-CS-, 
XjN-CS-, X-NH-SO2-, X2N.SO2-, Y2-CO-, X-CS-, X-SOy, X-aCO-, or X-O-CS-; 

X is selected from the group consisting of C^.^q alkyl, C^.j^ fhioroaU^l, C^^jq all^l 
substituted with J, q.iQfluoroalkyl substituted with J, l-admantyl, 9-flttorenyi, phenyl, phei^l 
substituted with K, phenyl disubstituted with Z, phenjil tiisubstituted with K, naphtlqd, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl ttisubstituted with K, 
Ci-io an attached pheiQfl group, allcyl with two attached phoqd groips, C^^jf^ 

alkyl with an attached phoiyl group substituted with K, and Cj^^q aOsyl with two attadied 
phenyl groups substituted with K, C^^q all^l with an attadied phenoxy group, and C^.^q aDgrl 
with an attached pheno^ group substituted with K on the phaioi^ group; 

Yj-is selected from the group consisting of alkyl, q.j© flnoroalkyl, q.^, alkyl 

substituted with J, q.^g fhioroalkyl substituted with J, 1-admanty], 9-fluoreny], phenyl 
substituted with K, phenyl disubstituted with K, phenyl ttisubstituted with K, naphdqrl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl ttisubstituted with K. 
Cj.io allqrl with an attached pheiqil group, Cj.!© all^ with two attached phenyl groups, Ci.10 
alkyl with an attadied phenyl group substituted with K, and C^^^q alkyl with two attached 
phenyl groups substituted with 

J is selected from the group consisting of halogen, COOH, OH CN, NOj, NH^ q. 
10 alkoxy, q.jg aBgiiamine, Cj,^ dialkylamine, ^.j^ alkyWJ-CO-, q.^, alkyi-O-CO-NH-, 
and Cj.jD allgi-S-; 

K is selected from the group consisting of halogen, ^.^q alkyl, q.^g peifluoroal^ 
q.ig alkojty, NO2, CN, OH. CO^ amino, q.ig allgdamino, C^,2 diallgdamino, q-qg acyl, 
and q.jg alkooQr-CO-, and q.jg aOgrl-S-; 

AA. is a side diain blocked or unblocked amino add with the L configuration, D 
configuration, or no diirality at the a-caibon sdected from the group consisting of alanine, 
valine, leudne, isoleudne, proline, methionine, methionine sulfoadde, phenylalanine, 
tryptophan, gfyaac, serine, threonine, cysteine, tyrosine, aqiaragine, glutamine, aspartic add, 
glutamic add, lysine, arginine, histidine, phei^lgtydne, beta-alanine, norleucine, noivaline, 
alpha-aminobutyric add, epsilon-aminocaproic add, dtniDine, hydroj^roline, ornithine, 
homoarginine, sarcosine, indoline 2-caibaxylic add, 2-azetidinecarboo9lic add, pipee nliwie 
add (2-p4)eridine carboqrlic adc^, 0-methylserine, O-^ylserine, S-methykysteine, S- 
ethyleysteine, S-benqdcysteine, NH2-CH(CI^CHEt2>COOH, a^ha-aminoheptanoic add. 
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NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, 1^2-01(0% 
cydohexyl)-COOH, NH2-CH(CH2<ydopentyl)-COOH, NB2-CH(CH2-cydobutyl)-COOH, 
NH2-CH(CH2-<ydopropyl)-COO]^ trifiuoroleudne, and hexafluoroleudne. 

The following Peptide Ketoadd compounds are rq>resentative of the Peptide Keto* * 
5 Compounds found to be useful as CaJ^ain inhibitors within the context of the presoit 
invention: 

Bz-DL*Lys-CX)OH 
Bz-DL-Ala-COOH 
Z-Leu-Phe-COOH 
10 Z-LeurAbu.CX30H. 

The peptide a*ketoamides are transition state anabgue inhibitors for cysteine 
proteases, such as Calpain. We have found that Peptide a-ketoamides containing amino 
addl^dueirmth h^f^ several 
cysteine proteases induding calpain I and calpain H 
15 We have found five subclasses of the peptide ketoamides to be particularly effective 

in inhibiting Calpain. These subclasses are referred to herein as D^eptide a-Ketoamides 
(Subdass A), Dipeptide a-Ketoamides (SubdassB), Tdpeptide a-Ketoamides» Tetrapeptide 
a-Ketoamides and Amino Acid a*Ketoamides. All of these subdasses are considered herein 
to be within the dass of Pq>tide Keto-Compounds. 
20 The Dipeptide a-Ketoamides (Subdass A) have the following structural formula: 

M1.AA-NH.CHR2-CO.CO-NR3R4 
or a pharmaceutically acceptable salt, wherein 

Ml represents H. NH2-CO., NH2-CS-, NH2-S02-, X-NH<X)., X^N-CO-, X-NH-CS-, 
X2N.CS-, X-NH.SO2-, X2N-SO2-, X-CO-. X-CS-, X^02-, X-0-CO-, or XO-CS-; 
25 X is sdected from the group consisting of C^.^q alkyl, C^.^q fluoroalkyl, C^.^q 

substituted with J, C^.^Qfiuoroallgrl substituted with J, 1-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted witfi K, naphthyl trisubstituted with K, 
C2.10 alkyl with an attadied phenyl group, C^.^g attadied phenyl groups, C^.^q 4 

30 alkyl wiA an attached phenyl group substituted with K, C^^q alkyl with two attached phenyl 
groups substituted with K, C^.^q allgrl with an attached phenoT^ group, and C^.^q 
an attached pheno^ group substituted with K on the pheno^ group; 
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J is selected from the group consisting of halogen, COOH OH, CN, NOj, NEl2, Ci. 
10 alkoxy, q.^^ alkylamine, Cj^jj dialkylamine, q.^o alkyl-O-CO-, q.^^ alkyl-O-CO-NH-. 
and q.^o all^l-S-; 

K is selected from the group consisting of halogen, q.^p attyl, q.j^^ periluoroalkyl, 
5 q.io alkoxy, NO2, CN, OH, C^jH, amino, q.^p all^lamino, q^^j dialkylamino, q-q^ acyl, 
q^Q alkoxy-CO*, and q.^Q alkyl-S-; 

AA is a side chain blocked or unblocked amino acid with the L configuration, D 
configuration, or no chirality at the a^caibon selected from the group consisting of alanine, 
valine, leucine, isdeucine, proline, methionine, methionine sulfoxide, phenylalanine, 
10 tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, gilutamine, aspartic acid, 
glutamic add, lysine, arginine, histidine, phenylgtydne, beta-alanine, norleudne, norvaline, 
a-aminobutyric add, epsHon-aminocaproic add, dtrulline, hydro^roline, ornithine, 
homoarginine,'sarcosine,-indoline-2K:arbo3Qrlic a pipecolinic 
add (2-piperidine carboi^lic add), O-methylserine, O^ethylserine, S-methylcysteine, S- 
15 ethyl<ysteine,S-ben2ylcysteine,lOT2-CH(CH2CHEt2)-COOH^ a-aminoh^tanoicadiNHj- 
CH(CH2-l-napthyl>COOH, NH2-CH(CH2-2.napthyl).COOH, NH2-Cai(CH2-cydohexyl). 
COOH, NH2-CH(CH2-«7dopentyl).COOH, NH2-CH(CH2<ydobutyl)-OOOH, NHj- 
CH(CH2-cydopropyl>COOH, trifluordeudne, and hexafluoroleudne; 

R2 is sdected from the group consisting of q.^ branched and unbrandied allgd, q^ 
20 branched and unbrandied cydized alkyl, and q^ branched and unbranched fluoroalkyl; 

R3 and R4 are sdected independently from the group consisting of H, q.20 
q.2o cydized alkyl, q.20 alkyl with a phenyl group attached to the q.20 alkyl, q.20 cydized 
alkyl with an attached phenyl group, q.20 all^l with an attached phenyl groiq) substituted 
with K, q.20 alkyl with an attached phmyl grotq) disubstituted with K, q.20 all^l with an 
25 attached phenyl group trisubstituted with K, q.20 cydized alkyl with an attached phenyl 
group substituted with K, q.^o ^ morpholine [-N(CH2CH2)0] ring attadied 

through nitrogen to the all^l, q.^o alkyl with a piperidine ring attached through nitrogen 
to the alkyl, q.^o aUQ^l with a pyrrolidine ring attadied through nitrogen to the aOiyl, q.20 
alkyl with an OH group attadied to the alkyl, -CH2CH2OCH2CH2OH, q.^o with an 
30 attadied 4*pyridyl group, q.^o an attached 3-pyriciyl group, q.^o ^ attadied 2- 
R^dyl group, q.jo with an attached cydohejg^l group, -NH-CH2CH2-(4-hydra}9phenyl), and 
-NH-CH2CH2-(3-inddyl). 

Th Dipeptide a-Ketoamides (Subdass B) have the following structural formula: 
Mi-AA2-AAi-CO-NR3R4 
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or a pharmaceutically acceptable salt» whmJn 

Mirepresents H.NH2-CO-, im^-CS-.NHi-SO^-, X-NH-CO-, X^-CO-, X-NH-CS-, 
X2N-CS-, X-NH-S02-. X^-S02-, X-CO-, X-CS-, X^Oj-, X-O-CX)-, or X-O-CS-; 

X is selected from the group consisting of C^.^q all^l, C^.^q Auoroallgi C^.^q 
substituted with J, Cj(^.^ofluoroalkylsubstituted wifli J, l-admantyl, 9-fluoreny], phenyl, phenyl 
substituted with phenyl disubstituted with phenyl ttisubstituted with E; naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl ttisubstituted with K, 
C^.io ^1 ™ attadied phenyl group, C^.^o ^* attadied phenyl groups, C^.^o 
allcyl with an attached phenyl group substituted with K, C^.^o attached phenj/l 

groups substituted with K, C^.^q allgrl with an attached phenoxy group, and C^.^q ^1 
an attadied phenojgr group substituted with E on the pheno}^ group; 

J is selected from the group consisting of halogen, CX)OH, OB^ CN, N02^ NQji C^. 

~^^^aa^^,~c^ Ci^^raii^i-OTO=~q[^5"ai^^ 

and C;^.lQ alkyl-S-; 

E is selected from Ae group consisting of halogen, C^.^q all^l, C^.^q peifluoroalkyl, 
q.io alkoxy, NOj, CN, OH, CX)^ amino, C^.^q aUgdaniino, Cj,^ diallqrlamino, C^-C^q acyl, 
and C2..10 alkoxy-CO-, and C^^^q all^l-S-; 

AA^ is a side chain Uodced or unUocked amino acid with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfcodde, phraylalanine, 
tryptophan, serine, threonine, c^eine, tyrosine, asparagine, gjutamine, aspartic add, 
glutamic acid, lysine, arginine, histidine, phenylgj^dne, beta-alanine, norleudne, norvaline, 
a-aminobutyric add, epsilon-aminocaproic add, dtrulline» hydrosgproline, ornithine, 
homoarginine, sarcosine, indoline ^carborjdic add, 2^etidinecarbo3cylic add, pipecolinic 
acid (2-piperidine carbo)yIic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine, S-bemylcysteine, NH2-CH(CH2afflBt2)-COOH, a-aminoheptanoicadd,NH2- 
CH(C3l2-l-napthyl)-COO]^ NH2-CH(CBj-2-napthyl>COOH, NH2-CH(CH2-cydohexyl). 
COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cydobutyl>C»OH, NH2- 
CH(CH2-cydopropyl)'COOH, tiifluoroleudne, and hexafluoroleudn^ 

AA2 is a side diain blodced or unUodced amino add with the L configuration, D 
configuration, or no chirality at die a-caifoon sdected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide^ phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, gilutamine, aspartic add, 
glutamic add, fysine, arginine, histidine, phenylglydne, beta-alanine, norleudne, norvaline. 
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o-aminobutyric add, epsflon-aminocaproic add, dtnilline, hydraxyproline, onuthine, 
homoarginine, sarcosine, indoline TrcaibcacyGc add, 2-azetidinecarbcayJic add, pip&xMak 
add (2-p^Kidine carbojgrlic add), O-metbylserine, O-etl^Iserine, S-mefliykystdne, S- 
ethyl(ystdne,S-ben2yl(ystdne,NH2.CH(Cf^aiEt2)^^ 

CH(CH2-l-napthyI>COOH, NH2-CH(CH2-2-napthyl).COOH. NH2-CH(CH2<ydohe3grl). 
COOH. NHj-CH(C3i2-cydopenlyl)-CCX)H, NH2-CH(CaEJ2<ydobutyl)<X)OH, NHj' 
CH(CH2-<ydoprqpyi)-COOH, trifiuoraleudne, and hegtafluordeudne; 

R3 and R4 are sdected indepoidentfy from the group consisting of H, aSkyi, 
Ci.20 qrdized aSkyi, alkyl with a phei^rl group attadied to the Cj^ allcyl, Cj^ cydized 
alkyl with an attadied phenyl group, q.2D a^M with an attadied phenyl group substituted 
^ K, C1.20 ^1 M attadied phenyl group disubstituted with K, C^^^a ^ 
attadied phenyl group trisubstituted with K, cydized allgrl with an attadied phenyl 
-group-substituted-with4^%jo-allgr^withTa-moipholine-[-N(ei^eH^G]-ring^ 
through nitrogen to the alkyl, q.^, allgrl with a pyridine ring attadied through nitrogen 
to the alkyl, Cj.jj, allgri with a pyrrolidine ring attadied through nitrogen to the aDg^l, 0^.20 
alkyl with an OH group attadied to the alkyl, -CHjCIIjOCHjCHjOH, q.^ with an 
attadied 4-pyridyl group, with an attadied S^iyridyi group, q.j0 with an attadied 2- 
pyridyl group, q.jo with an attadied cydohexyigroup, •NH-CH2CH2-(4-hydnnyphenyl), and 
-NH-CHjCHjKS-indolyl). 

The Trqieptide a-Ketoamides have the followuig structural formula: 
Mi-AA-AA-AA-00-NR3K4 
or a phannaceutically aocqitable salt, wherein 

Ml representsH,NH^-CO., N^CS-.NHa-SOj-, X-NH-CO-, XjN-OO-, X-NH-CS-. 
X2N.CS-. X-NH-SOj-, XjN-SOj-, X-CO-, X-CS-, X-SOj-, X-0-CO-, or X-O-CS-; 

X is sdected from the group consisting of ^.j^ all^l, q.^^ ihioroalkyl, q.io allgrl 
substituted withJ, q.jofluoroall^ substituted with J, l-adnianlyl,9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyi substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Cmo allg* with an attached phenyl group, q.jQ alkyl with two attadied phenyl groups, q.j^ 
al^ with an attadied phenyl groiqi substituted with K, q.^, aO^ with two attached phenyl 
groups substituted with K, q.jQ alkyl with an attadied phenoQr group, and q.j^ alkyl with 
an attadied phoioxy groi^ substituted with K on the pheno:^ group; 
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J is selected from the group consisting of habgen, COO£^ OH, CNt NO2, !NH2^ C^. 
10 sJkoxy, alkylamine, C2.12 dMkylamine, q.^o all^l-O-CO-, q.^o alkytO.CX>NH-, 
and C^^iQ alk^l-Ss 

K is selected from the group consisting of halogen, q.^o allgrl, q^xo perfluoroallgd, 
5 q.io alkoxy, NO2, CN, OB, COjS, amino, q.^o allgdamino, C2.12 diallgrlamino, q-qo acyl, 
and q.^o alko3y-CO-, and q.^o aO^l-S-; 

AA is a side chain blocked or unblocked amino acid widi the L configuration, D 
configuration, or no chirafi^ at the a-caibon selected from the groiq> consisting of alanine, 
valine leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine 
10 tzyptophan, glycine smne threonine, cysteine tyrosine asparagine glutamine aspartic add, 
glutamic add, tysine, ar^nine histidine, phenylgl^dne beta-alanine norleudne norvaline 
a-aminobutydc add, q)silon-aminocaproic add, dtrulline hydroxyproline ornithine 
~honioargimne5ar(X)sme~in^ 2=azetidinecarboxylic-add,-pipecQlinic 
add (2-pq)eridine carboi^lic add), O-methylserine, O-e&ylserine S-methylcysteine S- 
15 ethyl<ysteineS-bM2yIcysteineNH2'^(CH2CaaEt2)-0^ a-aminoheptanoicadd,NH2- 
CH(CaEJ2-l-napthyl).000H, N]^.CH(CB2-2-napthyl)-OOOH, NH2-CH(CH2-cydohe^l> 
COOH; NH2-CH(CHi-<ydopentyi)-COOH, N]^-CH(CH2-<ydobut34)-CXX)H, NH2- 
CH(CH2<ydoprop3d)-CDOH, tnfluoroleudne and hexafluoroleucine 

R3 and R4 are selected independently from the group consistmg of q.20 
20 q.2o cydized alkyl, q.20 alkyl with a phenyl groi^ attached to the q.20 alkjd, q.20 cydized 
alkyl with an attadxed phenyl group, q.20 all^ with an attached phenyl group substituted 
with E, q.20 allgrl with an attached phenyl groiq> disubstituted with K, q.2^ 
attadied phenyl group ttisubstituted with K, q^ qrdized allgi with an attadied phenyl 
group substituted with K, q.^o ^ ^ moipholine [-N(CB^CH2)0] ring attached 
25 tiu-ough nitrogen to the alkyl, q.^o ^ piperidine ring attached through nitrogen 

to the alkyl, q.^o ^ pyrrolidine ring attadied through nitrogen to fhe alkyl, q.20 

alkyl with an OH group attadied to the alkyl, .CH2CH2OCH2CH2OH, q.io with an 
attadied 4.pyricfyl group, q.^o with an attadied 3-pyridyl group, q.^o with an attached 2- 
pyridyl group, q.^Q with an attadied cydoheyl group, •NH-C3l2CH2-(4-hydroogphenyl), and , 
30 •NH-C3l2CH2-(3-indotyl). 

Ihe Tetrapeptide a-Ketoamides have the following structural formula: 
Mx-AA-AA-AAn^-CX}-NR3R4 
or a pharmaceutically aocq)table salt, wherein 
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representsH, NH2-CO-, NH2-CS-, NH2-S02-, X-NH-CO-, X2N-CO-, X-NH-CS-, 
X2N^-, X-NH-SO2-, X2N-SO2-, X-CO., X-CS-, X-502-, X-O-CX)-, or X-O-CSs 

X is selected from the group consisting of C^.^o Ci.io fluoroall^l, C^.^q 
substituted with J, Ci.^QfluoroaIl7l substituted with J, 1-admanQd, 9-fiuorenyl, phenyl, phenyl 
substituted with phenyl disubstituted with phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K» naphthyl disubstituted with naphthyl trisubstituted with K, 
C^.j^o ^ attached phenyl groip^ C^.^o all^l with two attached phenyl groups, C^.^q 

alkyl with an attached phenyl group substituted with K, C^.^q alkyl with two attadied phenyl 
groups substituted with K, C^.^o alkyl with an attached phenoxy groi^, and C^.^q all^l with 
an attached phenoxy group substituted with K on the phenoo^ group; 

J is selected from the groiq) consisting of halogen, COOH, OH, CN, NO2, NH2, C^. 
alkoxy, C^.^q allylamine, C2.12 dialkylamine, C^.^q alkyl-O-CO-, C^^o alkyl-O-CO-NH-, 
"and"C^;3io^ll^l^Ss 

K is selected from the group consbting of halogen, C^.^q all^l, C^.^q peifluoroall^l, 
q.io alkoxy, NO2, CN, OH, C»2H, amino, C^.^q allcylamino, C2.12 dialkylamino, C^-C^q acyl, 
and C^.2o alko37-CO-, and C^.^q alkyl-S-; 

AA is a side chain hlodced or unblocked amino add with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline^ methionine, methionine sulfoxide, phenylalanine, 
tryptophan, gj^ydne, serine, threonine, qrsteine, t^sine, asparagine, ^tamine, aq)artic add, 
glutamic add, tysine, arginine, histidine, phoiylglydne, beta-alanine, norleudne, norvaline, 
a-aminobutyric add, q)silon-aminocaproic add, dtruUine, hydro3cyproIine, ornithine, 
homoarginine, sarcosine, indoline 2-carboxyiic add, 2^azetidinecarbo3^Iic add, pipecolinic 
add (2-piperidine carbosylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine,S4}en2ylcysteine,NH2-<3I(CH2CHEt2)-^ 

CH(CH2-l-napthyl)-CX>0H, NH2-C3i(CH2-2.napthyl).COOH, NH2-CH(CH2-cydohexyl). 
COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(C2l2-cydobutyl)-COOH, NH2- 
CH(CH2-c7dapropyl)*COOH, tiifluoroleudne, and heiafluoroleudne; 

R3 and R4 are sdected independent^ from the group consisting of H, C^.io 
C^.20 cydized alkyl, 0^.20 alkyl with a phenyl group attached to the Cj^.20 ^-20 cydized 
alkyl with an attadied phenyl group, 0^.20 hU^I with an attached phenyl group substituted 
with K, C^.20 &n attached phenyl group , disubstituted with K, C^.20 ^ 

attached phenyl group trisubstituted with K, C^.20 ^dized alkyl with an attached phenyl 
group substituted with K, C^.^q alkyl with a morpholine [-N(CH2CH2)0] ring attached 
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through nitrogen to the aUcyl, C^.^q ^ pipeiidine ring attached through nitrogen 

to the alkyl, C^.^o ^ pyrrolidine ring attached through nitrogen to the all^I, 

all^ with an OH group attached to the aXk^ -CBJZa.j:iCa2^Z£LpBi, C^.^q with an 
attached 4-pyridyl group, C^.^q with an attadied 3-pyiidyI group, C^.^q ^ attached 2- 
pyridyl group, C^.^q with an attached cydohejgdgroup, -NB-CEI^CH2-(4-hydrQ3^henyl), and 
-NH-CH2CH2-(3-indolyl). 

The Amino Add a-Ketoamides have the following structural formula: 
Mi-AA-CX>NR3R4 
or a pharmaceutical^ acceptable salt, wherdn 

Mirq)resents H, mj-CO^ MI^-CS-, NH2-S02^ X-NH-CO-,^^ 
X2N-CS., X-NH-SO2-, XiN^02-, X-CO-, X-CS-, X.SO2-, X-O-CO-, or X-O-CS-; 

X is selected from the group consisting of C^.^q Ci-10 fluoroallgrl, C^.^q alkyl 
^hstiSted with J,~C^^i^fluof6a^ 
substituted with K, phenyl disufastituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
C^.^Q alkyl with an attached phenyl group, C^^.^q alkyl with two attached phenyl groups, C^.^q 
alkyl with an attached phenyl group substituted with K, C^.^o all^l with two attached phenyl 
groups substituted with K, C^.^g allgl with an attached phraoxy group, and C^.^O 
an attadied phenoxy group substituted with K on the phenox^ group; 

J is selected from the group consisting of halogen, COOH, OH, CN, NO2, NH2, C^, 
alko^gr, q^io alkylaraine, C^i2 dialkylamine, C^.^q allgi-O-CO-, C^.^q allgrl-O-CO-NH-, 
and C^.^o &^1-SS 

K is selected from the group consisting of halogen, C^.^q all^l, C^.^q peifluoroallgi 
C^^jQ alko3y, NO2, CN, OH, CXD2H, amino, C^.^q a^g'iamino, C^|2 dialkylamino, C^-Cio acyl, 
and C^.io alkoxy-CO-, and C^.^g alkyl-Ss 

AA is a side chain Uodced or unblodced amino add with the L configuration, D 
configuration, or no chirali^ at the a-carbon selected from the group consisting of alanine, 
valine, leudne, isoleudne, proline, methionine, mediionine sulfoodde, phenylalanine, 
tryptophan, glycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, asparticadd, 
glutamic add, lysine, arginine, histidine, phenylgl^dne, beta-alanine, norleudne, norvaline, 
a^aminobutyric add, epsilon-aminocaprolc add, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carbo;7lic add, 2-azetidinecarboiylic add, pipecolinic 
add (2-piperidine carbo^^iic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
ethylcysteine,S-ben^lcysteine,NH2-CH(CH2C3IEt2)-COOH, 
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CH(CH2-l.napthyl)-COOH, NH2-CH(C332-2-napthyl)-COOH, NH2-CH(CH2-cydohe!grl> 
COOH, NH2-CH(CHiHydopentyl).COOH, NH2-CH(CH2-cyclDbutyl)-COOH, NHj- 
CH(CBI^-cydopropyI)-COOH, trifluoioleudne, and hearafluoroieudn^ 

R3 and R4 are selected independent^ from the group consisting of H, Cj,2a ^^^^ 
C1.20 cydized allgil, C1.20 a phenyl groiq) attached to the C^,2a ^1-20 <ycl»zed 

aD^l with an attadied phenyl groi^, aO^ with an attached phenyl group substituted 
with X; aUgd with an attadied phenyl group disubstituted with K, alk^ with an 
attadied pheiqrl group trisubstituted with cydtod all^l with an attadied phenjd 

group substituted with K, q.jo alkji with a moipholine [-l^iCHzCa^O] ring attadied 
through nitrogen to the alky], Cj^q alkyl with a piperidhie ring attadied through nitrogen 
to the alkyl, €^.20 all^l with a pyrrolidine ring attadied througih nitrogen to die alkyl, 
alkyl with an OH group attached to the allyl, -CHzCBiOCSI^CHiOB, q.io ^ an 
- -attadied 4-pyridyl group, Cj.jq with an attadied S^jyridyl groiqi, C^.^^ with an attadied 2- 
pyridylgroi?), C^.^^with an attadied cydohei^ group, -NH-CH2CH2-(4-hydrQig?phenyl), and 
-NH-CHjCHa-CS-indotyl). 

Hie Applicants are aware of oiify a singjle pqitide ketoamide rqiorted in the 
literature. Tliis compound is Z-Phe-NHCE^CO-CXD-NH-Et (Z-Phe-Gfy-CX)-NH-Et). The 
compound is reported in Hu and Abdes ]Ardu Biochem. Biqph^.. 281, 271-274 (1990)] to 
be an inhibitor of papain and cathqisin B. 

Hie following Peptide Ketoamide compounds are rqiresentatnre of the Fqitide 
Keto-Compounds found to be useful as Calpain inhibitore within the context of the preset 
invention: 

Z-Leu-Phe-CONH-Et 

Z-Leu-Phe-CONH-nPr 

Z-Leu-Phe-CONH-nBu 

Z-Leu-Phe-OONH-iBtt 

Z-Leu-Phe-CONH-Bzl 

Z-Leu-Phe-CX)NH-(CH2)2Fh 

Z-Leu-Abu-CONH-Et 

Z-Leu-Abu-CONH-nPr 

Z-Leu-Abu-CONH-nBu 

Z-Leu-Abu-CX>NH-iBu 

Z-Leu-Abu-CONH-Bd 

Z-Leu-Abu-C0NH-(C^2H» 
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Z^Leu.Abu.CONH-(CH2)3-N(CH2CH2)20 
Z-Leu-Abu-CONH-(CH^7CH3 
Z-Leu.Abu.CONH-(CH2)20H 
ZrLeu-Abu-CX)NH.(CH2)20(CH2)20H 
5 Z-Leu-Abu-CONH-(CH2)i7CH3 

Z-Leu*Abu-CONH-CB^-C^3(OCH3)2 
Z-Leu-Abu-CONH-CH2-C4H4N 
We studied the inhibMon medianism of the 
and thiol proteases. A oystal structure of one a-ketoester bound into the actbe site of the 
10 serine protease, porcine pancreatic dastase, has bun completed. The active site Ser-195 
oxygen of the tnzyme adds to the carbonyi group of the ketoester to form a tetrahedral 
intermediate which is stabilized fay interactions wiA the o^Qranion hole. This structure 
reisembles "the tet^ proves that 

a-ketoesters are transition-state analogs. His-57 is hydrogen bonded to the carbonyi group 
15 of the ester functional group, the peptide backbone on a section of the polypeptide 
backbone hydrogen bonds to the inhibitor to form a A-sheet, and the ben2yl est^ is directed 
toward the S' subsites. the side diain of the Fl amino acid residue is located in the SI 
pocket of the enzyme. Interactions with ketoamides would be similar exc^t that ihere is 
thepossibiliiy of forming an additional hydrogen bond with the NHgroi^ of theketoamide 
20 functional group. 

In the case of ketoadds, there would be no R group to interact with the S' subsites. 
Iherefore, these inhibitors would be expected to be slightly less pot^t than the ketoesters 
and ketoamides. However, unexpectedly, certain ketoadd compounds have been found to 
have surprismgly high activi^ when used in the context of the present invention. In 
25 particular, Z-Leu-Phe-C»OH and Z-Leu-Abu-COOH have been found to be extreme^ 
potent inhibitors of Ca^ains. 

The active site of cysteine proteases shares sevnal features in common with serine 
proteases induding an active site histidine residue. In place of the S^*195, qrsteine 
proteases have an active site cysteine residue which would add to the ketonic carbonyi group « 
30 of the peptide ketoadds, ketoesters, or ketoamides to form an adduct very similar to the 
structure described above except with a cysteine residue replacing the serine-195 residue. 
Additional interactions would occur between the extended substrate binding site of the 
cysteine protease and the inhibitor that would increase the binding afBnity and spedfidty 
of the inhibitors. 
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The Peptide Keto-Compounds bind to the proteases inhibited thereby using many 
of the interactions that are found in complexes of a particular individual enzyme wifli its 
substrates. In order to design an inhibitor for a particular (^teine protease, it is necessaiy 
to: 1) find the amino add sequences of good peptide substrates for that en:^e, and 2) 
5 place those or similar amino add sequences into a Pq)tide Keto-Compound. This design 
strategy will also work when other dasses of pqjtide inhibitors are used in place of the 
pqptide substrate to gain information on the appropriate sequence to place in the Peptide 
Keto-Compound inhibitor. Thus, we are aUe to predict the structure of new inhibitors for 
other proteases based on knowledge of thar substrate specificities. Once a good inhibitor 
10 structure for a particular en^e is found, it is then possible to diange other characteristics 
such as sohibility or faydrophobidty by adding substituents to the M or R groups. 

In the case of Ca^ain, a known inhibitor sequence is the pqjtide aldehyde, 

Ac-I^-I^u-Nle-H (abo known as Galpain-Inhibitor-l-and herein 

Tliis inhibitor, in addition to a related pepUde aldehyde inhibitor Ac-Leu-Leu-Nme-H (also 
15 known as Calpain Inhibitor U) are commeidalty available fi-om Calhiodiem of La Jolla, 
California. We have discovo^d that peptide a-ketoesters with aromatic amino add residues 
in PI are good inhibitors of the thiol proteases, cath^sin B, papain and Ca^ain. 
Additionally, we have discovered that peptide a-ketoesto: and pqitide a-ketoamides with 
dthor aromatic amino add residues or small hydrophobic alkyl amino add residues at PI 
20 are good inhibitors of Calpain. 

Our discovery of Peptide Keto-Compounds effective as Calpain Inhibitors was made 
through assay of the Peptide Keto-Compounds as reversible inhibitors. Various 
concentrations of inhibitors in dimethylsuUaride (DMSO) were added to the assay mixture, 
whidi contained buffo- and substrate. The reaction was started by the addition of the 
25 enzyme and the hydrolysis rates were followed spectrophotometrically or fluorimetricalty. 
88 mM KH2PO4, 12 mM Na2HP04, L33 mMEDTA, 2.7 mM cysteine, pH 6.0 was used as 
a buffer for cathepsin B; and 20 mM Hepes, 10 mM CaOj, 10 mM B-mercaptoethanol, pH 
72 buffer was utilized for calpaui I and ca^iain IL 

All peptide thioester hydrolysis rates were measured with assay mixtures containing 
30 4,4'-dithiodipyridine [e324 = 19800 M-lcm-l; Grasetti & Murray, Arch. Biodiem. Biophys. 
119, pp 41-49 (1967)], Papain was assured with Bz-Arg-AMC or Bz-Arg-NA pCanaoka et 
al, Chem. Pharm. BuD. 25, 3126-3128 (1977)], and the AMC (7.aimno.4.methy]coumarin) 
idease was foUowed iluorimetrically (exdtaUon at 380 nm, and emission at 460 nm). 
Cathepsin B was assayed with Z-Arg-Aig-AFC [Barrett and Kirschke, Methods EnaymoL 
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-SO- 
SO, 535-561 (1981)], and the AFC (7-ammo-4-tiifluoromethylcoumarin)rdease was follow 
fluorimetrically (excitation at 400 nm, and onission at 505 mn)* Calpain I from human 
eiythrpcytes and calpain n from rabbit were assayed using Suc-Leu-iyr-AMC [Sasaki et aL, 
J. BioL Chem. 259, 12489-12494 (1984), hereby incorporated by reference], and the AMC * 
5 (7*amino-4-methylcoumarin)rdease wasfoUowedfluorimetrica]fy(e^ at380nm, and 
emission at 460 nm). En2ymatic hydrofysis rates were measured at various substrate and 
inhibitor concentrations, and vahies were deteimined by Dixon plot 

Table FKCl shows the inhibidon constants (K^ for papain, cathepsin B, calpaui 
and ca^ain IL 

10 The inhibition constants for papain shown in Table FKCl were measured in 0.05 M 

Tris-HO, pH 75 huSer, containing 2mM EDTA, 5mM cysteine (freshty preparecQ, 1% 
DMSO, at 2S®C; using N'-Benzoyl-Arg-AMC as a substrate, eascept that those values of 
inhibition constants for papain marked with an "e" in Table FKCl were measured in 50 mM 
Tris-Ha pH 75 buffer, containing 20 mM EDTA, 5 mM cysteine, 9% DMSO, at 25*C, 

15 using N^-Benzoyl-Arg-NA. as a substrate. 
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TABLEPKCl 

Inhibition of Cysteine Prnt«.M« liy 
Peotide Ketoesters and TTetn^rfffa 



Ccnnpoimds 



Ki(mM) 



CEf* 



Z-Leu-Abu-COOEt 

Z-Leu-Plie-COOEt 

Z-Leu-Nle-CXX)Et 

Z-Leu-Nva-OOOEt 

Bz-DL-Phe-COOEt 



500* 



30 
64 



^P 'Papain Ca^ain I 

^CB " Cathq>sin B Calpain n 



a." 



0.04 
0.23 
0.12 



or* 



0.4 
0.4 
0.18 
1.2 



Z.Phe-DL.Phe.CXX)Et 1.8 0.1 

Z-Phe-DL-Ala-COOEt 3.6 3.2 

Z-Ala-Ala-DL-Ala-COOEt L5 22 200 

Z-Ala-Ala-DL-Abu-COOEt 0.9 10 50 

Z-Ala-Ala-DI^Abu-COOBzl 30 60 

Z-Ala-AIa-DL-Nva-COOEt 30 0.1 

Z-AIa-Pro-DL-AIa-OOOEt 26 66 

MeO-Suo.Val-Pro.DI/.Phe-COOMe LI 0.1 

2.9* 

Z-Ala-Ala-Ala-DL-Ala-COOEt 2.1 10.0 

MeO-SuoAla-AIa-Pro-Abu-COOMe 0.7 6.0 100 



200 
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It can be seen from the data in Table FKCl that the dipeptide ketoesters with Abu, 
Fhe, or Nle in the Fl site and Leu in the P2 site are potent inhibitors of calpain I and 
ca^ainlL Tr^)eptide5 with Abu or Ah in the Fl site and Akin the F2 site are 
to be inhibitors of Calpain, albeit somewhat weaker inhibitors th^ Thus, ' 

5 in accordance with the foregoing descnption of the design of Peptide Keto-Compound 
inhibitors, we believe that Fq)tide Keto-C^mpounds based on these and siniilar stra 
win e]diibxt Calpain inhibitory activity. 

The peptide a-ketoesters are prepared by a two step Dakin*West procedure. This 
procedure can be utilized with either amino acid derivatives, dipeptide derivatives, tripeptide 
10 derivatives, or tetrapeptide derivatives as shown in the following scheme: 

O 

II 

M-(AA)^.OH -> Enol Ester -> M.(AA)^-CO-R. 
The precursor peptide ((AA) J can be prepared using standard peptide chemistry 

15 procedures, including those that are well described in publications such as The Peptides, 
Analysis, Synthesis, Biology, Vol. 1-9, published in 1979-1987 by Academic Press (The 
Peptides") and Houben-Weyl Methoden der Organischen Chemie, VoL 15, Parts 1 and 2, 
Synthese von Peptiden, published by Georg Tfaieme Verlag, Stuttgart in 1974 ("Houben- 
Weyl") (both references hereby incorporated herein by reference), 

20 The M group can be introduced using a number of different reaction schemes. For 

example, it could be introduced direct^ on an amino add as shown in the following scheme: 

H.(AA)^-OH M-(AA)^-Oa 
Alternatively, the M group can be introduced by reaction with an amino acid ester, followed 
by removal of the ester group to give the same product, as shown in the following scheme: 

25 H-(AA)^-OR' ^> M-(AA)a.OR* -> M-(AA)^-OIL 

These and other tedmiques for introduction of the M group are well documented 
in the The Peptides, Houben-Weyl, and many other textbooks on organic synthesis. For 
example reaction with cyanate or p-nitrophenyl <yanate would introduce a carbamyl group 
(M = JJH2CO-). Reaction with p-nitrophenyl thiocarbamate would introduce a thio 

30 carbamyl group (M = NH^CS-). Reaction with NH2S4O2CI would introduce Ae NH2S02- 
group. Reaction with a substituted allgrl or atyl isocyanate would introduce the X-NH-CO- 
group where X is a substituted all^l or aiyl group. Reaction with a substituted alkyl or aryl 
isothiocyanate would introduce the X-NH-CS- group wher X is a substituted all^l or aiyl 
group. Reaction with X-S02-Q would introduce the X-S02- group. Reaction with a 
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substituted alkyl or aryl add chloride would introduce an acyl group (M <= Y-CO-). For 
example, reaction with McO-CX)-CH2CH2-CXD.a would give the Y-OO- group when Y is 
a C2 allgrl substituted with a CI alkyl-OCO- group. Reaction with a substituted all^ or aiyl 
thioacid chloride would introduce a thioacyl group (M - Y<S-). Reaction with an a 
substituted alkyl or aryl sulfonyl chloride would introduce an X-S02. group. For eacample 
reaction with dansyl chloride would give the X^0^ derivative where X was a napthyl group 
monosubstituted with a dimethylamino group. Reaction with a substituted alkyl or aryl 
chloroformate would introduce a X-CM:o. group. Reaction with a substituted alkyl or aiyl 
chlorothioformate would introduce a X-O-CS-. There are many alternate reaction schemes 
which could be used to introduce all of the above M groups to ghre either M-AA-OH or 
M-AA-OR*. The M-AA-OH derivatives could Aen be used directly in the Dakin-West 
reaction or could be converted into the dipqitides, tripqjtides, and tetrapeptides 
M-AA-AA-OH, M-AA-AA-AA-OH, or M-AA-AA-AA-AA-OH which could be be used in 
the Dakin-West reaction. The substituted peptides M-AA-AA-OH, M-AA-AA-AA-OH, or 
M-AA-AA-AA-AA-OH could also be prqured directty from H-AA-AA-OH, 
H-AA-AA-AA-OH. or H-AA-AA-AA-AA-OH usmg the reactions described above for 
introduction of the M group. Alternately, the M group could be introduced by reaction with 
carbajiylblockedpq)tidesM-AA-AA.OR',M-AA.AA.AA-OR», orM-AA-AA-AA-AA-OR', 
followed by the removal of the blocking group R'. 

The R group in the ketoestw structures is introduced during the Dakin-West 
reaction by reaction with an oxalyl chloride Q-CXD-CO-O-R. For example, reaction of 
M-AA-AA-OH with ethyl oxalyl chloride CtCO-CO-O-Et gives the keto ester 
M-AA-AA-CO-O-Et Reaction of M-AA-AA-AA-AA-OH with a-CO-OO-O-BdwouMghre 
the ketoester M-AA-AA-AA-AA-CXMJ-BzL Qeaity a wide variety of R groups can be 
introduced into the ketoester structure by reaction with various alkyl or aryialkyl oxalyl 
chlorides (Q-CO-CO-O-R). 

The oxalyl chlorides are easilb' prepared by reaction of an alkyl or aiyiaDgrl alcohol 
with Qxafyl chloride a-CX)-CX)-a For example, Bd-O-CO-CO-Q and n-Bu-O-CXJ-CO-Q 
are prq)ared by reaction of benzyl aloohd and butand, respectwely, with oxatyl chloride in 
yields of 50% and 80% [Wancn, C B., and Malee, R J, J. Chnmatopvpfv 64, 219-222 
(1972); incorporated herein by reference]. 

Ketoadds M-AA-CO-OH, M-AA-AA-CXJ-OH, M-AA-AA-AA-CO-OH, 
M-AA-AA-AA-AA-CO-OH, are general^ prepared from the oorrespondmg ketoesters 
M-AA-CO-OR, M-AA-AA-COOR. M-AA-AA-AA-CO-OR, M-AA-AA-AA-AA-CO-OR 
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by alkaline hydrofysis. Li some cases, it may be necessaiy to use other methods such as 
hydrogenotysis of a bemyl group (R = Bd) or add deavage (R = t^utjiQ to obtain the 
iKtoadd. The alternate methods would be used when the M group was labile to alkaline 
hydroljrsis. 

5 Ihe various peptide ketoamide subclasses (M:-AA-NH-CHR2-C0-C0-NR3F4 

(Dipeptide Ketoamides (Subdass A)), M-AA-AA-OO-NR3R4 (Dq)eptide Ketoamides 
(SubdassB)),M-AA-AA-AA-CX)-NR3R4Crr^)q)tideKetoanudes),M-AA.AA-^^ 
NR3R4 (tetrapeptide iKtoamides) and Mi-AA-CC)-NR3R4 (Amino Add Ketoamides)) wae 
prq)aredindirectfy from the coneqiondingketoesters. Ihe ketone carboiql group was frst 

10 protected as shown in the foUowing sch»ne and then the ketoamide was prqrared by 
reaction with an amhie H-NR3R4. Ihe illustrated procedure should also work with othw 
protecting groups. 

Kin H sO 

Ri o A, S 

I-NR3R4 



10 



r 



O R, 



Ri O 



>5 In addition to the scheme outlined above, a tetoadd could be used as a precursor 

to produce a corresponding ketoamide. Blocking the ketone carbonyl group of the ketoadd 
and then coupling with an amine H-NR3R4 using standard peptide coupling reagents would 
yield an intermediate whidi could then be deblocked to form the ketoamide. 

Genend Synthetic Methods for Peptide Ejeto-Con^founds 
Unless otherwise noted, materials were obtained from conmiercial suppliers and 
used without further purification. Melting points were taken with a Btldii capillaiy 
apparatus and are uncorrected. ^HNMR spectra were determined on a Varian Gemini 300. 
Chemical shifts are oqpressed in ppm (») relative to internal tetramethylsilane. Flash 
column chromatography was performed with Universal Scientific Inc. silica gel 0-63. 



I vrrr oueCT 



wo 92/11850 



PCr/US91/09786 



Electron-impact mass q>ectra (MS) of novel compounds were detomined with a Varian 
MAT 112S apectrometa. The purity of all compoimds was diedced by thin- layer 
chromatography on Baker Si250F silica gel plates using the following solvent system: A, 
CHCJjrMeOH - 20.1 v/v; B, GHOjrMeOH « 100:1 v/v, Q AcOEt; D, C3IC%:MeOH = 
5 10:1 v/v; E, n.BuOH:AcOH3jy:H20 - 4:1:1:2 v/v, F, CaiCa3:MeOH = 5:1 v/v, G, 
AcOEt:MeOH - 10:1 v/v; H, (i-Plr)20; I, CHa3:MeOH:AcOH = 80:10:5 v/v, J, 
CHa3:MeOH:AcOH - 95:53 v/v; K, AcOEt:AcOH » 200:1 v/v, L, CHa3; M, 
CHa3:MeOH - 50:1 v/v 

Amino acid methyl ester hydrochlorides were prepared according to M. Brenner t 
10 aL]Helv. Chem Acta 33, 568 (1950); 36, 1109 (1953)] in a scale over 10 mmol or according 
to Rachele ^. Org. Chem. 28. 2898 (1963)] in a scale of 0.1-1.0 mmoL 

■Keld(%) nip(»C) m.p. (literature) 

-D]>Nva=OCH3HCl,— 100 113=116 116-117 

I/-Ile-OCH3HCa, 98 90-91 98-100 

15 L-Phe-OCH3Ha, 98 159-161 158-160 

DL.Abu-OCH3HCa, 100 148-150 150-151 

L-Leu-OCHj-Ha 100 145.5-146.5 147 

DL-Nle-OCHjHa 93 120-121 122-123 

4-a-Phe.OCH3Ha 98 184-185 (decomp.) 185-186 

20 N-Acylamino adds was synthesized via Schotten-Baumann reaction [M. Bergmann, 

L. Zervas, Chem. Bar. 65, 1192 (1932)] in the case when the acyl group was phenylsulphonyl, 
2- naphthylsulphonyl or benzoyl 
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Yidd(%) mpCq TLC (R^ duent) 

2-NapS02-l>Leu.OH 49 115-116 0^81 

2-NapS02-DlAAbu-OH 51 150-151 0^01 

2-NapS02-L^Phe-OH 57 148-1485 0.48K 

5 FheS02-DLAbu-0H 44 14M43 031E 

PhCO-DL-Abu-OH 64 141442 0.64K 



N-Acylamino adds with 4-inethylpentanoic^ 2-(l- propyl)pentanoic and 
7-phenylheptanoic group was synAesized in a two step synthesis. The N-acylamino add 
methyl ester was obtained first and then was hydrolysed to the free N-acylamino add. 

10 N-AcyIaminoAddMearyJEstm(Genenai^ Toadii]led(10'*C)shinyof 

the appropriate amino add methyl ester hydrodilotide (20 mmol) in 100 ml benzene was 
added slowfy (temp. 10-15 ^ C) 40 nmid triethylamme or N- methylmoipholme and then the 
reaction mixture was stirred £Dr 30 minutes at this temperature. Then 18 mmd of 
appropriate add diloride (temp* 10-15 ^C) was added dowly to the reaction mixture and 

15 the reaction mixture was stirred overnight at room tCTiperature. The precq>iatated 
hydrodiloiide was filtered, washed on a fimnd with 2 x 20 ml benzene, and the collected 
filtrate was washed successively with 2 x 50 ml 1 M HO, 2 x 50 ml 5% NaHC03, 1 x 100 ml 
H20, 2 X 50 ml satd. NaQ and dried over MgS04. After evaporation of the sohrent in vacuo 
(rotavaporator), the reddue was dieted for purity (TLC) and used for the next step 

20 (hydrofysis). 

Yield (%) mpCC) 
(CH3)2CH(CH2)2CO.DL-Abu-OCH3 80 oil 

(CH3CH2CH2)2CHCO-DLAbu-OCH3 96 117-118 

Ph(C3l2)6CO-DL-Abu-OCH3 72 oil 

25 Hydrolysis (General Procedure). To a solution of 10 mmole of the appropriate 

N-aqrlamino add methyl est^ in 100 ml of methanol was added in one portion 11.25 ml of 
1 M NaOH (1L25 mmol) and the reaction mixture was stirred three hours at room 
temperature. Then the reaction mixture was coded to 0 (ice- salt bath) and addified 
to pH = 2 with 1 M HQ aq. To this reaction mixture was added 100 ml ethyl acetate, 

30 transferred to a separately funnel and organic layer separated. The water layer was 
saturated with solid NaQ or QliR^^O^ and reextracted with 2 x 50 ml AcOEL The 
collected organic layer was washed with 2 x 50 ml H2O, decolorized with carbon, and dried 
over MgS04. After evaporation of the solvent in vacuo (rotavaporator), the residue was 
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checked for purity (ILC) and in the case of contamination was crystallized fiom an 
appropriate solvoit. 

Yield (%) mpCq 
(CH3)2CH(CH2)2CX).DL.Abu.OH 92 1105-112 
5 (CH3CH2CHa)2CHCO.DL.Abu.OH99 126-127 (n-octane) 

Ph(CH^gCX>.DL.Abu-OH 89 110-112 (n-octane) 

N-AiyldqM5)tide methyl esters were qmthesized via the HOBt-DCC method in a 
DMF solution [KBnig and Geiger, Oiem. Ben 103, 788 (1970)]. 

Yield (%) mp CQ TLC (Rj, duent) 
10 ZpLeu-DL-NVa-OCHj 80 112-113 037 B 

ZpLeu-L-Pfae-0CH3 83 86-87 0,85 A 

039 B 

^z^LCT^i^n&oaK^ ~ 97 oil 0.79 a 

0.43 B 

15 Z-Leu-DL-Abu-OCHj 99 86-88 033 B 

026H 

Z-Leu-L-Leu-OCHj 80 91-92 0.79 G 

Z-Leu-DL-NLeu-OCHa ^ 111-11L5 
Z.Leu-4-a-Phe-OCH3 ^ 112-132 0.77 J 

20 (Uquid crystal?) 0.68 K 

2-NapS02-Leu-DL-Abu-OCai3 

99 oil 0.59A 

2-NapS02-Leu-L-Leu.OCH3 

90 97-985 0.63 A 

25 N-Acyldipqjtides were obtained by hydrolysis of the appropriate methyl esters via 

a general hydrolysis procedure. In the case of N-sulphonyldipeptide methyl esters, 1 
equivalent of the methyl ester was hydroiyzed with 225 equivalent of 1 molar NaOH 
because of form a sulfonamide sodium salt. 
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Yidd(%) mpCQ 



10 



15 



20 



25 



30 



Z-Leu-DL-NVa-OH 
Z-Leu-L-Fhe-OH 

Z-Leu-LrlLe-OH 

Z-Leu-DLpAbu-OH 
Z-Leu-LrLea-OH 
Z-Leu-DL-NLeu-OH 
Z-Leu-4-a-Phe-OH 



100 
92 

79 

99 
97 
98 
87 



117-1185 
105-1065 

77-79 



95^ 
104-114 

(ligaid oystal?) 



TLC (R|k eluent) 

0.11 A 

0.28 C 

055 G 

0.22 A 

052 C 

0.61 G 

0561 

0.48 K 



2-NapS02-Leu-DL-Abu-OH 

-97.4 

2>NapS02-Leu-L-Leu-OH 

94.0 



-180-195 (decomp) 058 1 



68-70 



0521 



N-A(7tripe|)tide methyl estos were (synthesized via HOBt- DOC method In DMF 
solution [KOnig and Ge^, Chem. Bar. 103, 788 (1970)]. 



Yield (%) mp CP) 

Z-Leu-Leu-Abu-0CH3 87 140-1415 

Z-Leu-Leu-Fhe-OCH^ 76 ~ 158-159 
2-NapS02-Leu-Leu-Abu-OC^ 

97 >200 



TLC (R|k ehient) 
050 A 
0.83 J 

052 A 



N-Acjiitnpeptide were obtained through hgrdro^is of the appropriate methyl esters 
via general I^drolysis procedure. In the case of N-sulphonyltrqieptide methyl ester, 1 
equivalmt of meth^ ester was hydrofyzed with 125 equivalent of 1 molar NaOH to form 
the sulfonamide sodium salt 

mpCC) 



Yield 

2>Leu-Leu-Abu-OH 97 
2^Leu-Leu-Fhe-OH 98 
2-NapS02-Leu-Leu-Abu-OH 

85 



glass 



193-195 
(deoomp.) 



TLC(R^ ehient) 
0.69 1 
0.44 K 

0531 
032 J 



35 



Ihe following examples, Exan^des FKC1-FKC65, are given to illustrate the synthesis 
ofPeptid &to-Compounds: 
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EXAMPLE FKCl 

Z-Ala-DL-Ala-COOEt This compound was synthesized by a modified Daldn-West 
procedure [Charles et aL, J. Chem. Soc Perkin 1, 1139-1146, (1980)], To a stirred sohitidn 
of Z-Ala-Ala-OH (880 mg, 3 nunole), 4-dimethyIaniinqpyridine (15 mg, 031 mmde), and 
5 pyridine (0.8 mL» 10 mmole) in tetrahydrofiiran (3 mL) was added ethyl oxafyl diloride (0.7 
nsl^ 6 mmole) at a rate sufEicient to initiate refluxing. The mixture was gently refkixed for 
3.5 h. The mixture was treated with water (3 mL) and stirred vigorous^ at room 
temperature for 30 min. The mixture was extracted with etiqd acetate. The organic extracts 
were dried and evaporated to obtain the residue (1.45 g). Tlie residue was 

10 chromatographed on silica gel and duted with CH2Q2 to give the enol ester product, oil 
(500 mfc 37%); singje spot on tic. R^^ « 0.67 (CHaarMeOH « 9:1); MS, m/e « 451 
(M^+l). To a stirred suspension of the enol ester (210 mg, 0.47 mmol) in anhydrous 
- — ethanol (-1 mL) at room temperature was added dropwise a solution of sodium ethoxide in 
ethanol until a dear yellow solution resulted. The ethand was then rCTioved and the 

15 residue was treated with ethen Hie ether solution was washed with water, dried, and 
evaporated to give a residue. Tliis residue was dirbmatographed on a silica gel and the 
product was duted with methjdene diloride. The sobent was removed, and the pq)tide 
ketoester Z-Ala-DI>Ala-C02Et was obtained as an semi-solid (150 mg, 92 %); single spot 
on tic, 058 (CRa^MeOH - 5:1); MS, m/e « 351 (M++1). AnaL Calcd. for 

20 q7H220fiN2 1/3 H2O: C 57.29; H. 6.22; N, 7.86. Found: C, 57:23; H, 636; N, 8.17. 

EXAMPLE PKC2 

Z-Ala-AIa-DL-Ala-C02Et Ihis compound was prepared from Z-Ala-AIa»AIa-OH 
using the same procedure as described in Example TKCl. Hie product was crystallized 
from ethyl ether in 23% yield; single spot on tic R/» 031 (CRd^MeOK » 9:1); mp 
25 143-144 •€; MS, m/e - 421 (M+). AnaL Calcd. for 020^2707^3: C, 56.99; H, 6.46; N, 
9.97. Found: C, 56.96; H, 6.49; N, 9.91 

EXAMPLE PKC3 

Z-Ala-Ala-DLrAbu-C02Et This compound was prepared from 2^Ala-Ala-DL- 
Abu-OH in 11% yield by the procedure described in Example PKCl; single spot on tic, 
30 Rf2 « 0.60 (CHa3:MeOH « 9:1); mp 111-113 "C; MS, m/e = 436 (M+ + 1). Anal. 

Calcd. for C21H29O7N3 I/3 H2O: C, 57.13; H, 6.75; N. 951. Found: C, 5738; H, 6.82; 
N,9.62. 
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EXmPLEFKC4 

Z-Ala-Ala-DI/-Nva-CO^ Uiis compound was prq»ared from Z-Ala-Nva-OH in 
20% yidd by the procedure described in Exampte IKCl; angle spo^ 
(CHajcMeOH = 5:1); MS, m/e = 450 (M++ 1). AnaL Calcd. for Cj^jO^'Hp: C, 
5 56^1; H, 7.11; N, 8.99. Found: C, 56.42; H, 7.08; N, 9.06. 

EXAMFLEFKC5 * 
Z-AIa-Fro-DIr-AIa-COjEt Hiis compound was prqared from ZrAla-Pro-Ala- 
OHdicydohe:grIamine in 19% yield by the procedure described in Eample PKCl; single 
spot on tic; R/^ = 0.55 (CHa3:MeOH - 9:1); MS, m/e - 447 (M+). AnaL Calcd. for 
10 C22H29O7N3 I/2 HjO: Q 57.88; H, 6.62; N, 9.2t Found: Q 57.65; H, 6.68; N, 9.17. 

EXAMFLEFKG6 

Z-AIa-AIa-AIa-DL-Ala-COjEt The confound was prepared from Z-Ak-Ala-Ala- 
Ala-OH in 7% yield fay the procedure describ«l"in Brample PKCl; sin|^e spot on tic, 
=0.40 (CHa3:MeOH «= 9:1); mp. 163-165 'Q MS, m/e = 493 (M++1). AnaL Calcd. 
15 for C23H3208N41/2 H20: Q 55.08; H, 6.63; N, 1L17. Found: Q 54.85; H, 6J3; N. 
1L14. 

EXAMPLE PKC7 

Bz-DL-Phe-COjEt Ihis compound was prepared from Bz-Phe-OH in 36% yield 
by the procedure described in Example PKCl, oil, single spot on tk^ » 0.61 
20 (CHa3:MeOH = 9:1); MS, m/e = 325 (M+). AnaL Calcd. for q5Hi904N l/3 HjO: C, 
68.86; H, 5.98; N, 4.22. Found: Q 69-10; H, 6.09; N, 438. 

EXAMPLE PKC8 

MeO-Suc-Ala-DI^Ala-COjMe. This compound was prepared from MeO-SuoAla- 
Ala-OH in 22% yield by the same procedure as described in Example PKCl, except that 
25 sodium methoxide in methanol was used ftir enol ester hydrolysis, smgle spot on th^ Rf^ 
= 0.43 (CHa3:MeOH = 9:1); MS, m/e = 317 (M+ + 1). AnaL Calcd. for 
C13H20O7N4I/3 H2O: C, 48.44; H, 6.46; N, 8.69. Found: C, 48.56; H, 639; N, 8.69. 
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EXAMPLE PKC9 

MeO-Suc-Ala-AIa-Pro-DL-Abu-COjMe. TTiis compound was prqiared from 
MeO-Suc-Ala-Ala-Pro-DL-Abu-OH in 22% yield by the procedure descnlied in Example 
PKC8; foam, single spot on tic, Rf^ = 0.66 (CHQ^rMeOH = 5:1). AnaL Calcd. for 
C22H34O5N4 H2O: Q 5133; H, 7.02; N, 10,85. Found: C 51.11; H, 7.03; N, 10.88. 

EXAMPLE PKCIO 

MeO-Suc-Val-Pro-DL-Phe-COjMe. This compound was prepared from MeO- 
Suc-Val-Pro-Phe-OH in 42% yield by the same procedure as described in Example 
PKC8; foam, single spot on tic; R/ QSI (GHQaAleOH ■ 9:1); MS, m/e - 517 (M+). 
Anal. Calcd. for C26H3508N3-2/3 HjO: C, 58.96; H, 6.90; N, 7.93. Found: C, 58.92; H, 
6.96; N, 7.89. 

EXAMPLE PKCll 

&i^LrAbrCD2?flrBii.JIlus.oompound-was-prepared-from-BzrAk<>H-in-4^ 

yield by the procedure described in Example PKCl, except thatn-buiyi ojalylchloride 
was used for the Dakm-West reaction and sodium n-butoodde in n-butanol was used for 
enol ester hydrolysis; colorless oil, single spot on tic, - 0.72 (CHq3:MeOH = 9:1); 
MS, m/e = 277 (M*). 

EXAMPLE PKC12 

Bz-DL-Ala-COjBzL This con^und was prqiared from Bs-AIa-OH in 26% yield 
by the procedure described in Example EKCl, except that benzyl oxafyl chloride was 
used in place of ethyl ootayl chloride and sodium benzyloxide in ben^l alcohol was used 
for enol ester hydrolysis; single spot on tic, «o.69 (CHO^'MaOR = 9:1); mp 95-97 
•C; MS, m/e - 312 (M++1). AnaL Calcd. for C18H17O4N.I/2 H20: C, 67.48; H. 5.66; 
N, 4 J7. Found: C, 67.78; H, 555; N, 4.66. 

EXAMPLE PKC13 

Z-Ala-DL-Ala'COj-n-Bu. This conq)ound was prepared from Z-Ala-Ala-OH in 
14% yield by the procedure described in Example PKCl, except that n-butyl oxalyl 
chloride was used in the Daldn-West reaction and sodium n-butoodde was used for mol 
ester hydrolysis; oil, single spot on tk; Rf* » 0.45 (CHa3:MeOH - 9:1); MS, m/e « 
378 (M+). AnaL Calcd. for qjH^O^j l/^ ^O: C, 5935; H, 7.00; N, 729. Found: C, 
59.41; H, 7.03; N, 7.10. 

EXAMPLE PKC14 

Z-Ala-DL-Ala-C02Bd. Tliis compound was prqiared from Z-Ala-Aia-OH in 
36% yield by the procedure described in Example PKCl, except that benzyl oxalyl 
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chloride was used in the Dakin-West reaction and sodium benzyloodde in benzyl alcohol 
was used for enol ester hydrolysis; single spot on tic, Rf^ = 0^5 (Caa^iMeOB. = 9:1); 
MS, m/e = 413 (M++ 1). AnaL Calcd. for Cj^O^^ C, 64.06; H, 5.87; N, 6.79. 

Found: Q 63.79; H, 5.95; N, 6.72. 
5 EXAMPLE FKC15 

Z-Ala-Ala-DL-Abu-C02BzL This compound was prepared from Z-Ala-Ala-Abu- 
OH in 31% yidd by the procedure described in Example EKCl, except that benzyl oxafyl 
chloride was used in the DaJdn-West reaction and sodium benzyloxide in benijil alcohd 
was used for enol ester hydrotysis; single spot on tic, %2 = o.40 {CSO^MbOB. = 9:1); 
10 mp 124-125 'C; MS. m/e = 498 (M+ + 1). AnaL Calcd for €2^3^0^3-2/3 HjO: Q 
61.28; H, 639; N, 8.24. Found: C, 61.14; H, 6.65; N, 7.94. 

EXAMPLE FKC16 

Bz-DL-Ala-COOH. The hydrotysis procedure of Tsushima et aL [J. Org, Qiem. 
49, 1163-1169 (1984)] was used. Bz-DL-Ala-COjEt (540 mg, 22 mmol) was added to a 

15 sohition of 650 mg of sodium bicarbonate in an aqueous 50% 2-propanol solution (7.5 
mL of HjO and 2-propanal) and stirred at 40 "C under nitrogen. After adding ethyl 
acetate and a saline solution to the reaction mixture, the aqueous lay« was sqparated 
and acidified with 2N HQ and exUracted with ethyl acetate. The organic layer was dried 
over magnesium sulfate and the solvent was removed under reduced pressure. The 

20 crude hydrofysis product was chromatographed on silica gd and duted with methyloie 
chloride and methanol to obtain an oil (150 mg, 31%); single spot on tic, » 0.68 (»- 
butanotacetic add5)yridine:H20 = 4:1:1:2). AnaL Calcd. for CUH11O4N3/4 HjO: C, 
56.28; H, 5 J7; N, 5.97. Found: C, 56.21; H, 5.46; 5.66. 

EXAMPI£FKC17 

25 Z-Leu-DL-Nva-COOEt This compound was prepared from Z-Leu-Nva-OH in 60 

% yidd by the procedure described in Example PKCl; oiL one spot on tic, Rf = 0.49 
(CHa3:MeOH = 20:1). NMR (CDOj) «: 0.91 (t, 9H), CH3; 1.25 (t, 3H), CH3; 138 (q, 
2H), OCH2CH3; 1.64 (m, 6H), CH^ 1.85 (m, IH), CH(CH3)2; 434 (m, IH) 
CH2CH(NHCOOCH2Ph)CONH; 5.12 (d, 3H) NHCH(C0)CH4 and OCB^h; 532 (d. 

30 IH) NH; 6.71 (d, IH) NH; 736 (s, 5H) Ph. 

Z-Leu-DL-Nva-enol est«, the precursor of Z-Leu-DL-Nva-COOK was 
synthesized by the same procedure as described in Example PKCl and purified by 
cohunn chromatography, oil, one spot on tb. NMR (CDCI3) »: 056 (t, 9H); 125 (t. 
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3H); 1.41 (t, 2H); 1.54 (m, 4H); 1.72 (m, 3H); 2.80 (t, 2H); 4.20 (q, 2H); 4.43 (q, 2H); 
5.16 (q. 2H); 5.23 (s, IH); 7J7 (m. 5H); 1133 (s, IH). 

EXAMPLE PKC18 

Z-LeD-DL-Phe-CX>OEt Hiis compound was prqiared from Z-Leu-Fhe»OH in 30 
% yield by the procedure described in Exan^de FKCl; oil, one qx>t on tic, Rf » 0.47 
(CHCagrMeOH = 50:1). NMR (CDCI3) 8: 0.88 (d, 9H), OCSIjCHa and (CH^OS; 135 
(q. 2H), OCHjO^; 1.56 (q, 2H), (CH3)2CHCH2CBt 3.03 (m, IH), (C3J3)2CH; 432 (m, 
2H), NHCH(CO)CH2; 5-08 (s, 4H) CH^Ph; 5.40 (m, IH) NH; 6.61 (d, IH) 731 (s, 
5H)Pli; 735.(8, 5H) Eh. 

2^Leu-DL-Fhe-enQl ester, the precursor of 2^Leu-DL-Fhe-COO£t was 
synthesized by the same procedure as described in Example FKCl and purified 1^ 
column chromatography, oil, one ^ot on tic. NMR (CDC3^) ft: 0.86 (t, 3H); 0.99 (t, 
-3i^;-l-.24tt,-3H)rr40-(aH)rri!2-(mr2H)ri:83-(mr2H)r4^^ 
5.10 (t, 2H); 5.18 (8, IH); 726 (m, 5H); 734 (m, 5H); 8.89 (s, IH). 

EXAMPLEPKC19 

Z-Lcn-DL-Abu-COOEt This compound was prepared from 2^Leu-Abu-0H in 
33 % yield by the procedure described in Example FKCl; oil, one spot on tic, Rf » 0.66 
(CHa3:MeOH « 20:1). NMR (CDCy 5: 0.96 (t, 9H), OCH2CH3 and (CH3)2CH; 1.26 
(t, 3H), CH2CH2CH3; 137 (q, 2H), OCHaC^; 1.66 (q, 2H), (CH3)2CHCH2CH ; 2.00 
(m, IH), CH(CH^ 4.12 (q, 2H) CHCHjCHj; 434 (m, IH) 

NHCH(CONH)CH2CH(CH3)2; 5.12 (q, 3H) CHjPh and CONH(Et)CHCOCOO; 5.29 (t. 
IH) NH; 6.79 (d, IH) N^ 735 (s, 5H) Fh. 

Z-Leu-DL-Abu-enoi ester, the i^ecursor of Z-Leu-DL-Abu-COOEt was 
synthesized by the same procedure as described in Example FKCl and purified by 
column chromato^hy, oil, one spot on tic. NMR (CDC^ 8: 0.98 (t, 6H); 1.12 (t, 
3H); 1.24 (t, 3H); 1.41 (t, 3H); L73 (m, 4H); 2.86 (q, 2H); 4.20 (q, 2H); 431 (m, IH); 
4.42 (q, 2H); 5.15 (q, 2H); 521 (s, IH); 734 (m, 5H); 1U9 (s, IH). 

EXAMPLE PKC20 

Ala-DL-Lys-COOETHCL To a sohition of N-carboben2yloxyalanyi-N^- 
carbobenzyloxylysine (1.88 g, 3.9 mmoIX 4-dimethylaminopyridine (21 mg, 0.17 mmol), 
and pyridine (1.0 mL, 12.4 mmol) in THF (7 mL) was added etlqi oonljl chbride (0.9 
mL, 8.0 mmol) at a rate sufGdent to start reflwdng. The mixture was refluxed gentfy for 
3 hr, treated with water (4 mL), and stirred vigorous^ at room tenq)»ature for 30 min. 
The mixture was extracted with ethyl acetate, the organic extracts were washed with 
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water, dried over MjgSO^ and evaporated to give an oify residue (156 ^. To a solution 
of the enol ester (1^6 g, 2.7 nmud) in anhydrous ethanol was added dropwise a solution 
of sodium edioxide in ethanol at room temperature until the solution turned dear 
yellow. Ethanol was removed and the residue was dissolved in etl^ acetate. The 
5 organic solution was washed with water, dried over A^04, and evaporated to give a 

residue. This residue was then purified by column chromatography and die product was 
dutedwithchlorofbrm-meUiand. Ihe scdvrait was removed and 21-Ala-DL-Lys(Z)- 
C02Et was obtained as a Igrgroscqpic powder (328 mg^ 16 %), sin^ spot on tl^ Rf^ « 
0.53 (CHC3^MeOH - 9:1); MS, m/e - 542 (Nf^-i-l). 

10 N-CaibobenzfflQralanyl-DL-N^carbobenzai^I^nine keto ethyi ester, Z-Ala-DL> 

Lys(Z)-C02^^ ™& ^'^^ °"°°^) ^ deprotected with liquid HF containing anisde at 
O'CforSOmin. The HF was removed under reduced pressure. The residual oil was 
dissolved in absolute ethanoL HQ/ethanol was added to the solution, and ethanol was 
removed in vacuo. The residue was washed by decantation with ether to give a semi 

15 solid (216 mg, 100 %); single spot on tic (n-butanokac^ addrpyridine^HjO = 4:1:L'2). 

EXAMPLE FKC21 

Bz-DL-Lys-C00ErHC3. This compound was prepared from Bz-DLrLys^^)- 
COOEt in 62% yield by the procedure described in Example FKC20; one ^ot on tic, 
= 057 (n-butanoL-acetic addqpyridinefijO = 4:1:15). The precursor, Bz-DL-Lys(Z)- 
20 COOEt was prepared from Bz-Lys(Z)-OH in 100% yield by the procedure described in 
Example PKCl; powder, one spot on tic; Rf^ = 0.75 (CHa3:MeOH = 9:1); MS, m/e = 
440 (M+). AnaL Calcd. for Cj^O^^^Z HjO: Q 63.70; H, 6.53; N, 6.19. Found: C, 
63.49; H, 6.51; N, 5.92. 

EXAMPLE PKC22 

25 Bz-DL-Arg-COOEfHCa. This compound was prepared from Bz-DL'Arg(Z)- 

COOEt in 99% yield by the procedure described in Example FKC20; one spot on tic, 
« 0.71 

(n-butanoLacetic acid5jyridine:H20 » 4:1:1:2), Sakaguchi reagent positive. Bz-DLp 
Arg(Z)-COOEt was prepared from Bz-DL-Arg(Z)-OH in 19% yield by the procedure 
30 described in Example PKC20, Vif = 038 (CHa3:MeOH » 9:1); mp 140-142 "Q MS, 
m/e = 468 (M+). AnaL Calcd. for C24H28O6N4: C, 6L53; H, 6.02; N, 11.96. Found: C, 
6156; H, 6.48; N, 1234. 
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EXAMPLE FKC23 

H'^Sfy-DL-I^s^COOEMHCa. Ihis compound was prepared from Z-G^DL- 
Lys(Z><X)OEt in 92% jddd by ihe procedure described in Example FKC20; « 0^1 
(/i-butanQl:aceticacid5>yridme:I^O = 4:1:1^). Z^ly-DI/-Lys(Z)-OOOEt was prepared 
5 from Z-Gly-Lys(Z)-OH in 9% yidd by the procedure described in Example PKC20, one 
spot on tic; R/ - 0.68 (CHajrMeOH » 5;1); MS, m/e - 528 (M++1). 

EXAMPLE PKC24 

H>PnHDL>L78.COOEr2HCl. Hiis compound was prepared from Z>Fro-DLp 
Ly8(Z)<X)OEt in 100% yield fay the procedure described in Example FKC20; one spot 
10 on tic (»-butanolacetic acid5>yridine-^0 » 4:1.'1:2). Z.Pro-DL.Lys(Z)-COOEt was 
prepared from 

Z-Pro-Lys(Z)-OH in 15% yield by the procedure desoibed in Example PKC20; R^Z = 

0.^-(eHa3:MeOH-»-9:l);-MSriS-/e-568-(M+-+l). " 

EXAMPLE PKC25 

5 H-Phe-DL-I^-COOEr2HCL This compound was prepared from Z-Phe-DL- 

Lys(Z)<X30Et in 39% yield by the procedure described in Example PKC20; one spot on 
tic («-butanol:acetic addTyiidineiHjO - 4:1:1:2). Z-Fhe-DL.Lys(Z>COOEt was 
prq>ared from Z-Phe-Lys(Z)-OH as previously described in 9% yield, R^^ = 0.68 
(CHCl3:MeOH = 9:1); MS, m/e = 482 (M+). 
0 EXAMPLE PKC26 

H-Lra-Ala-DL-Lys^COOEt^HCL This ccnnpound was prepared from Z-Leu-Ala- 
DL-Lys(Z)-CX)OEt in 52% yield by the procedure desoibed in Exan^e EKC20; one 
spot on tic (n-butanoLacetic acid:pyridine:I^O « 4:1:1:2). 

Z'Len>A]a-DL-Ly8(ZXX>0Et was prepared from 2Meu-Ala-DL-Lys(Z)-OH in 
5 5% yield by the previously described Dakin West reaction, R/ = 034 (GHQarMeOH = 
19:1); MS, m/e - 609 (M+4XH2CH3). 

EXAMPLE PKC27 
Single Amino Add, JX- and Tipeptide Enol Esters (General Procedure). A 
modified Dakin-West procedure was used [Chades et aL, J. Ghent Soc Perkin 1, 1139 
} (1980)] and is iUustrated with the synthesis of Z-Leu-DL-Phe-EE. To a stirred solution 
of Z-Leu-Ph&OH (6.19 g, 15.0 mmol), 4- dimethylaminopyridine (0.183 g 1,5 mmol) and 
pyridine (4.75 g, 4,85 ml, 60 mmol) in tetrahydrofuran (45 ml) warmed 50 'C was added 
ethyl oxalyl chloride (430 g, 332 ml, 315 mmol) at a rate sufBdent to initiate refluxmg. 
The mixture was then heated at a gentle reflux for 4 h. After cooling to room 
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temperature die mixture was treated with water (25 ml) and stirred vigorously at room 
temperature for 30 min. Hie mixture was extracted with ethyl acetate (ISO ml) and after 
separation of the organic layer, the water layer was saturated with solid (i^^)^0^ and 
re-extracted 2-times with 25 ml ethyl acetate. The combined organic phases were washed 
5 2-times with 75 ml water, 2-times with 50 ml of satd. NaCa, decolorized with carbon and 
dried over M^04. After evaporation of the solvent, the crude enol ester (836 g. 98%) 
was flash-chromatographed on silica gd and the product was eluted with a AcOEt The 
solvent was evaporated in vacuo (rotavaporator) and the pure enol ester was obtained as 
a ofl (7-22 g, 85%); single spot on TLQ Rf = 0.84, A; 0.68, C 
10 Z-Leu-Nva-EK This compound was prepared from Z-Leu-Nva- OH using the 

general procedure and purified by flash chromato^phy on silica gd using 
CHa3:MeOH = 50:1 v/v as duent Yidd 95%, single spot on TLQ Rf = 0.92, Q 0.28 

Z-LeU'Abu-EK This con^und was prepared from 2S-Leu-Abu- OH in 78% 
15 yidd the general procedure described above. Purification by flash obramatography on 
silica geL Huent, CHQ^rMeOH » 50:1 v/v, single spot on TLC, Rf « 0,86, A. 

PhCO'AbU'ER This compound was prepared from PhCO-Abu-OH in 26% yidd 
by the general procedure as described above. Purification by flash chromatogrsphy on 
silica gd. Eluent CELd^, single spot on TLC, Rf « 0.60, M. 
20 (CH3)2CH(CH^2^a-jUm'ER This compound was prq)ared from 

(CH3)2CH(CH2)2CO-Abu-OH in 82% yidd by the general procedure as described 
above. Purification by flash chromatography on silica gd. Eluent AcOEt, single q)ot on 
TLC, Rf = 0.72, C 

(CH3CH2CH2)2CHCO'AbU'EK This compound was prepared from 
25 (CH3CH^CH2)2CH CO-Abu-OH in 100% yidd by the general procedure described 

above. Purification by flash chromatography on silica geL Ehient AcOEt, single spot on 
TLC, Rf = 0.78, C; 0.81, K 

Ph(CH^^O'Abu-EE. This compound was prepared from 
Ph(CH2)5CO-Abu-OH in 86% yidd by the general procedure described above. 
30 Purification by flash chromatography on silica geL Eluent AcOEt Single spot on TLC, 
Rf «0.74,C. 

Z-LeU'4'Cl-Phe'ER This compound was prepared from Z-Leu- 4-a-Phe-OH in 
69% yidd by the general procedure described above. Purification by flash 
chromatography on silica gd. Eluent AcOEt, single spot on TLC, Rf = 0.77, C; 0.78, K 
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Z-LeU'LeU'AbU'EK This compound was prq>ar d from Z2-Leu- Leu-Abu-OH 
in 62% yield fay the general procedure described above. Purification by flash 
chromatography on silica geL Element CHa3:MeOH «= 50:1 v/v. Sin^e spot on TLQ 
Rf e 0.89,A;0.75,M. 

5 Z-LeU'LeU'Phe-EE. This compound was prepared from 2>Leu- Leu-Phe-OH in 

60% yield by the general procedure described above. Purification by flash 
du-omatography on silica geL Huent CHa3:MeOH - 50:1 v/v. Single spot on TLC, Rf 
» 0.80, K; 0.70, M. 

2'NapS02^L€u-Leu-AbU'EE. This compound was prq)ared from 

10 2-NapS02-Leu-Abu-OH in 73% yield by the general procedure described above. 

Purification by flash chromatography on silica geL Eluent AcOEt, single spot on TLC, 
Rf « 0.71, K; 0.54, C. 

2-NapSO^LeU'JL^i^6u^EE~Tl^compomd was prepared from 
2-NapS02-Leu-Leu-Abu-OH in 74% yield by the general procedure desaibed above. 

15 Purification by flash chromatography on silica geL Eluent AcOEt: AcOH = 200:1 v/v. 
Single spot on TLQ Rf » 0.69. K 

Z-Len-Phe-COOEt Single Antinoadd, Di-and THpeptide- ketoesters (General 
Procedure). To a stirred solution of 833 g (15-0 mmol) of Z-Leu-Phe-^ in 40 ml 
anhydrous ethanol at room temperature was added drqpwise a solution of sodium 

20 ethoxide (0.204 g; 3.0 mmol) in 20.0 ml anhydrous ethanoL The color of the reaction 
mixture diange from colorless or pall yeOow to deq> yellow or orange dependent on 
enol-ester. Then the reaction mixture was stirred at room temperature for 4-5 hoiurs, the 
ethanol was then evaporated in vacuo (rotavaporator) and the residue treated with 200 
ml ethyl ether (or 200 ml ethyl acetate in the case of the tripeptide). The ether (ethyl 

25 acetate) solution was washed with 2 x 75 ml H20, 2 x 75 ml satd. NaCl, decolorized with 
carbon and dried over MgS04. After evaporation of solvent, the crude product 6.09 g 
(89.7%) was flash chromatographed on silica gel using CUCl^: MeOH = 50:1 v/v. 
Evaporation of soh^ent give pure Z-Leu-Phe-CCX)Et (4.08 g; 58.0%) as a thick oiL 
Single spot on TLC, = 0.60, A; 0.47, M. Mass q>ectrum, FB-MS [(M+ 1)/Z] « 469. 

30 EXAMPLE PKC28 

2-Leu-Nva-C00£t This was prepared by the preceding general procedure. 
Piirification by flash chromatography on silica gel, eluent CHa3: MeOH » 100:1 v/v, 
yield 86.6%, thidc, colorless oil, single spot on TLC, Rf = 0.49, A; 037, M. Mass 
spectrum FB-MS I(M+1)/Z] « 421. 
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EXAMPLE PKC29 

Z-Len-Abtt-COOEL Hiis was prepared by the preceding general procedure. 
Purification hy flash chromatography on silica gel, ehient 0103, 3^^^ 82%, thick, pale 
yeflow oil, single spot on TLC, R, = 0.66, A. Mass spectrum, O-MS l(M+l)/Z] - 407. 

EXAMPLE PKC30 

PhCO-Abu-COOEt. Ihis was prepared by the preceding general procedure. 
Purification by flash chromatography on silica gel. ehient CSa^rMeOH = 50:1 v/v, 
yidd 83%, oil, sin^e qwt on TLC; Rf = 0.44, M. Mass spectrum, M/Z 263 (M+); 
a-MS,264((M+l)/Z). 

IXAMFI£FKC31 

(CH3)2CH(CI^2CO-Abii.COOEt Ihis was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gd, eluent AcOEt, yield 43%, 
oil, sin^ spot on TLC, R, = 0J6, C Mass spectrum EI-MS M/Z 257 (M*); FB-MS, 
[(M+1)/Z1 - 258. 

EXAMPLE FKC32 

CH3CH2CID3CHCO.Abu.COOEt. Ihis was prq»ared by the preceding general 
procedure. Purification by flash chromatography on silica gel, duent CEayUeOH « 
50: 1 v/v, thick, yellowish oil, yield 66%, single spot on TLC, R, - 0.80, Q 0.66, M. 
Mass spectrum EI-MS M/Z = 285 (M*); Q-MS, [(M+ 1)/Z| - 286. 

EXAMPLE PKC33 

PhCCHyjCO-Abu-COOEfc This was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gd, einent CHClgiMeOH = 
50:1 v/v, yield 64%, pale yeUow oil, single spot on TLQ R^ - 0.29, Ml Mass spectrum 
EI-MS M/Z = 347 (M+), FB-MS, [(M+1)/Z1 = 348. 

EXAMPLE FKC34 

Z.Leu-4-Cl-Phe.COOEt This was prepared by the preceding general procedure. 
Purification by flash chromatography on silica gd, duent AcOEt, yidd 100%, cdorkss 
oil, single qKrt on TLC, Rf = 0.71, C Mass spectrum EB-MS M/Z = 503(M+). 

EXAMPLEPKC35 

Z-Leu-Leu-Abu-COOEt This was prepared by the preceding general procedure. 
Purification by flash diromatography on silica gd. duent CHOaMeOH - 50:1 v/v, yidd 
79.2%, very thidc,cQloikss oil, single spot cm TIX;Rf- 0.28. M. Mass spectrum 

EB-MS, [(M+1)/Z1 - 520. 
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EXAMPLE PKC36 

Z-Lea-Leu-Phe>COOEt. This was prqiared by the preceding general procedure. 
Purification by flash chromatography on silica gel, ehient CHCL^^eOH. > 50:1 v/v, yield 
33%, oil, single spot on TLC, - 056, M. Mass spectrum, EB-MS, [(M+ 1)/Z| » 582. 
5 EXAMPLEPKC37 

2'NapS02*Iea'AlNi<X)0£t Tl^s was prepared by the preceding general 
procedure. Purification fay flash chromatography on silica gel, eluoit CHajtMeOH « 
50:1 v/v, yield 38%, Hack oil, single ^ot on TLQ = 0.71, K; 054, A. Mass ^ectrum 
FB-MS, [(M+1)/Z1 « 4fi3. 
10 EXAMPLE PEC38 

2>NapS02-Leu-Leu>Abu<<:OOEt This was prepared fay the preceding general 
procedure. Purification by flash chromatography on silica gel, ehient AcOEt:AcOH « 
--200:l-v/v,-yidd-61%7senu^}dlia,-sin|Ie-^m-6^^ 0.67, K Mass spectrum 

FB-MS, [(M+l)/q = 576. 
15 EXAMPLEPKC39 

Z-LeV'Met-COjEt Hiis compound was prepared by the above procedure. 
Yellow oil, single q>ot on TLC, Rf « 0.52 (CHa3:CH3OH»50:l), yield 46% (from 
dq)eptide). MS (EAB) 454 (m+1). 

EXAMPIEPKC40 

Z>I«u>NLeii.C02Et Hiis conq)ound was prepared by the above procedure, ^e 
yellow oil, single spot on TLC, - 0J7 (CHa3:CH30H - 50:1), yield 53% (from 
d5)eptide), MS (FAB) 434 (m+1). 

EXAMPLE PKC41 

SjnOiesis ofn-Biayl Oxal^ OUmide. Hiis was prepared by a literature procedure 
25 [Warren and Malee, /. Ommat 64, 219-222 (1972)]. N-Butand (0.1 moL 7.41 g) was 
added dropwise to oxalyl diloride (0.5 moL 63 J g) at -10 *C A&a the addition was 
completed, the reaction mixture was stirred for 20 min. at r.t. and distilled, giving 15.0 g 
(91.18 moL 91%) of the product n-butyl coal}! chloride, bp 58-60 *C (0.6 mm Hg). 
Z-Leu-Pbe-COjBn. This compound was prepared from Z-Leu- Fhe-OH and 
30 butyl Dxafyl chloride in 43% yield by the procedure described fi>r the synthesis of 

Z-Leu-Ke-COjEt, excqpt that butyl oxafyl diloride was used in place of ethyl oxa^ 
chloride and sodium butyloxide in butanol was used for «iol ester hydrofysis. Sin^ spot 
on TLC, R, - 0.54 (CHa3:CH30H ■= 50:1) MS(FAB) m/e - 497 (m+1), % NMR 
(CDQj) ok. 
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EXAMPLE PKC42 
Z-Leu-Abu-C02BiL lliis compound was prq)ared fay the above procedure. 
Sin^e spot on TLQ Rf » 0.53 (CHa3:CH30H = 50:1), yield « 36%, pale yellow oil, 
MS (FAB) m/e = 435 (M+l), ^HNMR (0003) ok 
5 EXAMFLEPKOa 

Synthesis ofBeniyl Qxafyl Chloride, B&ayl alcohol (0.15 moL 16 g) was added 
dropwise to ozalyl chloride (0.75 moL 95 g) at 5-10 After the addition was complete, 
the reaction was stirred for 20 min. at r.t. The excess cfxalyl diloride was distiUed and 
recycled. Then the mixture was distilled under vacuo, giving 26 g (0.12 moL 86%) of 
10 benzyl oxatyl chloride, bp. 110-112 (0.6 mm-Hg). H^NMR (CDOj) 739 (s. 5H), 5,33 
(s^H). 

Z-Leu-Pbe-CO^BzL This compound was prepared from Z-Leu- Fhe-OH and 
ben^rQxalyl"ailOTiae"ijEr 17^^ of 
Z-Leu-Phe-C02Et, except that bem^l oxa^ chloride was used in place of ethyl oxalyl 
15 chloride and sodium benzyloxide in bens^ alcohol was used for enol ester hydrol^. 

Single spot on TLC, % = 0.63 (CHajiCHjOH = 50:1). Pale yellow solid, mp 117-119 
•C. MS(FAB) m/e = 532 (m+1). H^NMR ok. 

EXAMPLE PKC44 
Z-Leu-Abu-CO^BzL This compound was prq)ared by the above procedure. 
20 Single spot on TLC Rf = 051 (C3ia3:CH30H = 50:1), pale yellow oil, MS(FAB) m/e 
= 469 (m+ 1), yield = 26%. 

EXAMPLE PKC45 
Z-Lea-Phe-COOH. D4>q)tide Ketoacids (General Procedure). To a stirred 
solution of 053g (1,13 mmol) Z-Leu-Phe-OOOEt in 6.0 ml methanol was added 1.27 ml 

25 (1.27 mmol) IMNaOR Thecolor of the reaction mixture turned dark yellow and a 
small amount of solid was deposited. Tlie reaction was run at room temperature and 
progress of the hydrolysis was diedced on TLQ After 24 h. no more substrate was 
detected. The reacdon mixture was chilled in one ice bath at 5 acidified with IM 
HQ to pH - 3 and extracted wifliAcOEt (2x50 mL). The organic extract were 

30 washed with 2 x 50 ml B^O and if necessary, decolorized with carbon and dried over 
MgS04. After evaporation of the soh^ent (rotavaporator), the residue (thick oil) were 
titurated wift 2 x 25 ml n-hexane and dried in vacuo. Yield 039 g (78%) of colorless, 
very thick oil TLC, main spot at Rf = 024, trace of impurity at Rf = 0.78, L Mass 
spectrum, FB-MS [(M+l)/Z] = 44L 
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EXAMPLE PKC46 

Z-Leo*Abu-CX)OH. This compound was prepared from Z-L-Leu- Abu-COOEt in 
83% yield by the general procedure as described above; TLQ main q)Ot at Rf » 0.14, 
trace of impurity at Rf « 0.73, L Mass qjectrum, EB-MS [(M+l)/Z] = 379. 
5 EXAMPLE PKC47 

Z-Leu-Phe^ONH*Et To a stirred sohition of Z-Leu-Phe-OH (20 g, 483 
mmole), 4-dimethyIaminopyridine (0.587 g, 4.8 mmole),and pyridine (15.7 ml, 194 
mmole) in anhydrous TEIF (100 ml) was added ethyl oxalyl chloride (11.4 ml, 101.8 
mmole) at a rate sufEidrat to initiate refluxing. The mixture was gtnUy refluxed for 4 

10 hours, cooled to room temperature, and water (80 ml) was added. The reaction mixture 
was stirred vigorously for 30 min, and extracted with ethyl acetate (3 x 100 ml). The 
combined organic layers were washed with water (2 z 100 ml), saturated sodium chloride 
(2X1001ffl)71flec6lOTzedlfitfilie^ sulfate, and 

concentrated, leaving a dark orange oH Chromatography on a silica gel column with 

15 CHa^/CH^OH (50:1 v/v) afforded 14.63 g (y » 53 %) of Z-Leu-Phe-enolester. The 
product was a yeUow oil Single spot on TLQ Rf = 0-77 (CHCL3/CH3OH 50:1). NMR 
(CDQ^^ ok. 

To a stirred pale yellow solution of the Z-Leu-Phe-enolest^ (14.63 g, 25.73 
mmde) in anhydrous ethanol (50 ml) was added a solution of sodium ethoxide (0.177 g, 

20 2.6 mmole) in ethanol (5 ml). The orange solution was sdrred for 3 hours at room 
temperature, thra the ethanol was evaporated and the residue was treated with ethyl 
ether (300 ml). The ether layer was washed with water (2 x 100 ml), saturated sodium 
chloride (2 x 100 ml), dried over magnesium sulfate, and concentrated, leaving a orange 
oil. Chromatography on a silica gd cohum with CBCl^/CB^OR (50:1 v/v) afforded 

25 7.76 g (y « 64 %) of the a-ketoester Z-Leu-Fhe-CX>OEt. The product was a yellow oil. 
Single spot on TLQ » 0.44 (Caa^/CapH 50:1). NMR (COa^) ok. MS (FAB, 
cakd. for C26H32N2O6: 468.6), m/e « 469 (M+ 1). 

The o-carbonyl group of 2^Leu-Phe-C00Et was protected by following 
procedure. A solution of Z-Leu-Phe-COOEt (1 g, 2.13 mmole) in 5 ml of CH2CI2 was 

30 added 1^-ethanedithiol (0.214 ml, ZS5 mmole), followed by 05 ml of boron trifluoride 
etherate. The solution was stirred overnight at room temperature. Water (20 ml) and 
ethyl ether (20 ml) were added. The organic layer was separated, washed with water (2 x 
10 ml), saturated sodium chl ride (2 x 10 ml), dried over magnesium sulfate, and 
evaporated to afford 0.98 g 0^ « 84 %) yellow semisolid. 
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The protected a-ketoester (0^8 g, 1.8 mmole) was dissolved in ethand (5 ml), 
coded to 0-5 "C in a ice bath, and ethylamine was bubbled tfaroug}i tiie solution until 
2.43 g (54 mmole) had been added. The reaction mixture was allowed to warm to room 
temperature slowty, and stirred overnight The mixture was Stteced, a ^*ite preqpitate 
5 was removed, leaving a yellow sembdid. Chromatography on a silica gd column with 
CHaa/CHaOH (30:1 v/v) aflford 063 g (y « 75 %) of Z-Leu-Phe^XDNH-Et The 
product was a pale yellow solid Single spot on HX; Rf = 0.60 (CHa3/CH3OH20:l); 
mp 145-147 AnaL calcd. &r C26H33N3O5. 467.56; Q 66.79; H, 7.11; N,8.99; found: 
C, 66J59; H. 7.09; N. 8.95. NMR (COa^ ok. MS (FAB) m/e = 468 (M+1). 
10 EXAMPLE PKC48 

Z>Leu-Phe-C0MH4iPr. This compound was synthesized firom the protected a- 
ketoester and propylamine in 92 % yield by the procedure described in Example IKC47. 
Single spot on TLQ Rf = 050l[CHaf/CI^"OH30:l)T^I52=153^C.— AnaL calcd. for 
q7H35N305: 481.57; C, 6733; H, 753; N, 8.72. Found; C, 67.21; H, 738; N, 8.64. NMR 
15 (CDa3) ok. MS (FAB) m/e = 482 (M+ 1). 

EXAMPLE PKG49 

Z-Leu-Phe-CONH-nBo. This compound was synthesized firom the protected a- 
ketoester and buQrlamine in 67 % yield by the procedure desoibed in Example PKC47. 
Single spot onTLC, % - 0J0.(CHC33/CH3OH 50:1); mp 152-153 'C. AnaL cabd. for 
20 C28H37N3O5: 495.59; C, 67.85; B, 7.52; N, 8.48. Found: Q 67.70; H, 737; N, 8.43. NMR 
(CDa3) ok. MS (FAB) m/e = 496 (M+1). 

EXAMPLEFKC50 ' 
Z-Leu-Fhe-CONH-iBii. This compound was synthesized from the protected «- 
ketoester and isobutylamine in 53 % yidd by the procedure described in Example 
25 PKC47. Single spot on TLQ Rf « 054 (CHQa/CTgOH 50:1); mp 152 AnaL 

calcd. for C28H37N3O5: 49559; Q 67.85; H, 752; N, 8.48. Found: C, 67.77; H, 756; N, 
8.40. NMR (CDQa) ok. MS (FAB) m/e = 496 (M+1). 

EXAMPLEPKC51 

Z-Leu-Phe-CONH-BzL This compound was ^thesized from the protected a- 
30 ketoester and bemylamine in 40 % yidd by the procedure described in Example PKC47. 
After reacting overnight, ethyl acetate (60 ml) was added. The mixture was filtaed to 
remove a white predpitate. The solution was washed with cooled I N HQ (3 x 25 ml), 
water (1 x 20 ml), saturated sodium diloride (2 x 20 ml), and dried over magnesium 
sulfate. The solution was evaporated leaving a yellow solid. Chromatography on a silica 
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gel column with CHO^/CHpn 30:1 v/v) afforded a yeUow solid. Single spot on TLC, 
R, - 0.45 (CHCaj/CHaOH 30:1); mp 160-162 Anal calcd. for C31H35N3O5: 529.61; 
Q 70 JO; H, 6.66; N, 7.93. Found: Q 70.18; H, 6.67; N, 7.99. NMR (CDOg) ok. MS 
(FAB)m/e- 530(M+l). 

EXAMPLE PKC52 
Z-Lea-Phe-C0NH-(CI^)2Pli. Tliis compound was synthesized from the 
protected a-ketoester and phenethylamine in 50 % yield by the procedure described in 
Drample PKC51. Single spot on TLC; R, - 050 (CELa^/CE^OU 30:1); mp 151-153 
Anal calod. for C32H37N3O5: 543.66; Q 70.70; H. 6.86; N, 7.73. Found: C, 7054; H, 
6.88; N, 7.74. NMR (CDO^) ok. MS (EAB) m/e = 544 (M+ 1). 

EXAMPLE FKC53 
Z-L«u-Abu-CONH-Et This compound was synthesized from protected a- 
~ketoest«rdaiv^'frrarZ^Leu-i^^ dthylamine in 64 % yield fay the 

procedure described in Example FKC47. Single spot on TLQ R^ « 036 
(GHQa/CHgOH 50;1); mp 130-132 AnaL cakd. for CjiHaiNaOs: 405.45; C, 62.20; 
H, 7.71; N, 1036. Found: C, 61.92; H, 7.62; N, 1031. NMR (€003) ok. MS (FAB) 
m/e - 406 (M+1). 

EXAMPLEFKC54 

Z-I«n-Abu-CONH-iiPr. This compound was synthes&ed from the corresponding 
protected a-ketoester and propylamine in 47 % yield by the procedure described in 
Exan5>le PKC47. Single spot on TLC, Rf = 0.28 (CHa3/CH30H 50:1); mp 134-135 'C. 
AnaL calcd. for C22H33N3O5: 41950; Q 62.98; H, 7.93; N, 10.02. Found: C, 62.84; H, 
7.97; N, 9.94. NMR (CDO^) ok. MS (FAB) m/e - 420 (M+ 1). 

EXAMPLE PKC55 

Z-Leu-Abu-CONHHiBu. This compound was synthesized from the corre^onding 
protected a-ketoester and butyJamine in 42 % yield by the procedure described in 
Example PKC47. Single spot on TLC, R, « 054 (CHa3/CH30H 50:1); mp 135-136 
AnaL calcd. for C23H35N3O5: 43353; C, 63.71; H. 8.13; N, 9.69. Found: C, 63.48; H, 
8.07; N, 9.67. NMR (CDCI3) ok. MS (FAB) m/e « 434 (M+1). 

EXAMPLE PKCS6 

Z-Leu-Abu-CONH-iBu. Ihis compound was ^thesized from the corresponding 
protected a-ketoester and isobutylamine in 65 % yidd by the procedure described in 
Example PKC47. Single spot n TLC, Rf « 0.25 (CHCyca^OH. 50:1); mp 133-135 'C. 
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AnaL calcd. for C^H^aOj: 433^2; C, d3.72; H, 8.14; N, 9.69. Found: C, 63.46; H, 
8.10; N, 9.60. NMR (CDOj) ok. MS (FAB) m/ = 434 (M+ 1). 

EXAMPLE PKC57 

Z-l«u*Abu-CONH-BzL lUs CQmpound was sjmthesized from the corresponding 
protected a-ketoester and ben^lamine in 29 % yidd by the procedure desoibed in 
Example PKCSl. Single spot on TLC, = 0.56 (CSQ^/CH^Oa 30:1); mp 140-141 "C 
AnaL calcd. for C^^^l^Ps' 4^7.54; Q 66.79; H, 7.11; N, 8.99. Found: Q 66.65; H, 
7.07; N, 8.93. NMR (CDO^) ok. MS ^AB) m/e « 468 (M+ 1). 

EXAMPLE PKC58 
Z-Leu-Abu-CONH-(CIl2)2Ph. This compound was synthesized from tiie 
corresponding protected a-ketoester and phoietl^lamine in 51 % yidd by the procedure 
described in Example FKC51. Single spot on TLC; Bf « 0.44 (CHaj/CHsOH 30:1); mp 
156^ •"cr:AMracd.Wq7H35N30^48159rQ^ 733; N, 8.72. Found: Q 

6738; H. 733; N, 8.78. NMR (CDQ^ ok. MS (FAB) m/e = 482 (M+1). 

EXAMPLE PKC59 

Z-Lea-Abu-CONH-(C!H2)3-N(CI^CH2)20. This compound was synthesized from 
protected a-ketoesto^ and 4(3-aminopropyl)morphoIine in 33 % yield by the procedure 
desoibed in Example FKC47. After reacting overnight, etl^l acetate (80 ml) was added. 
Hie mixture was filt«ed to remove a white predpitate. The sohition was washed with 
water (3 x 20 ml), saturated sodium chloride (2 x 20 ml), and dried over magnesium 
sul&te. Tlie solution was evaporated leaving a yellow oL Qiromatograpby on a alica 
gd column with CHaa/CHaOH (10:1 v/v) afEorded a ydlow sanisolid, wiaA was 
reoystallized from ethyl acetate/hexane to obtain a pale yeUow solid. Sing^ spot on 
TLC. Rf » 0.42 (CHCL^/CHpH. 10:1); mp 125-126 'C AnaL calcd. for €2^4^^^^ 
504.63; C, 61.88; H, 7.99; N, ILIO. Found: Q 61,69; H. 7.95; N, 11.07, NMR (C3XI3) 
ok. MS (FAB) m/e = 505 (M+1). 

EXAMPLE PKC60 
Z-Leu-Aba-CONH-(CH2)7CH3, This compound was synfliesized from the 
corresponding protected a-ketoester and odylamine in 67 % yidd by the procedure 
described in Example PKC5L It was \Aite solid. Single spot on TLQ R^ » 055 
(CHaj/CHsOH 30:1); mp 134-135 AnaL cakd. for C27H43N3O5: 489.66; C, 6623; 
H, 8.85; N, 838. Found: C, 66.19; H, 8.81; N, 8.61. NMR (GDQj) ok. MS (FAB) m/e 
= 490 (M+1). 
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EXAMFLEFKCfil 
Z-Leu-AlNi-CONH-(CH2)20H. Hiis confound was synthesized from the 
coireq)onding protected a-ketoester and ethanolanune in 29 % yield hy the procedure 
described in Example FKC59. The product was a white stidgr solid. Single spot on 
5 TLC, % « 0.42 (CHCI3/CH3OH 10:1); mp 151-153 *C Anal: calcd. for C21H3JN3O5: 
421.49; C, 59.84; H, 7.41; N, 9.97. Found: C, 59.11; H, 7.44; N, 9.81. NMR (CDQa) ok. 
MS (FAB) m/e » 422 (M4 1). 

EXAMPLE PKC£2 

Z-Len-Abu-CONH-(C!H2)20(CH^2^^ compound was ^thesized from the 
10 corresponding protected a-ketoester and 2-(2-aminoethoxy)ethanQl m 34 % yidd by the 
procedure described in Example FKCS9. The product was white stid^ solid. Single spot 
on TLC, Rf - 0.42 (CHa3/CH30H 10:1); mp 1(B-105 'C AnaL: cakd. Ibr 
C23H35N3O7: 465.55; C, 5934; H, 7.58; N, 9.03. Found: C, 59.23; H, 7.58; N, 9.01. NMR 
(CDa3) ok. MS (FAj>) m/e - 466 (M+1). 
15 EXAMPLEFKCfiS 

Z-Len-Abii-CONH-(CH2)i7CH3. This compound was synthesized from the 
corresponding protected a-ketoester and octadecylamine in 12 % yield by the procedure 
described in Example FKC5L The product was a pale yellow solid. Single spot on TLC, 
Rf « 054 (CHaj/CHsOH 30:1); mp 134-136 'C Anal: calcd. for C37H£3N305: 629.92; 
20 C, 7055; H, 10.08; N, 6.67. Found: C, 70.71; H, 10.14; N. 6.75. NMR (CDCI3) ok. MS 
(FAB) m/e - 630.2 (M+1). 

EXAMPLE PKC64 

Z>Leu-Aba-CONH-CH2-C(H3(OCI^)2. This compound was qmthesized from the 
corresponding protected a-ketoester and 35-dimethQxyben^lamine in 45 % yield by the 
25 procedure desoibed in Example FKCSL The product was yellow stidsy solid. Sing^ 
spot on TLQ % > 0.44 (CHa3/CH30H 30:1); mp 153-155 'C AnaL: calcd. for 
C28H37N3O7: 527.62; C, 63.74; H, 7.07; N, 7.96. Found: C, 63.66; H, 7.09; N, 752. NMR 
(CDa^) ok. MS (FAB) m/e - 528.8 (M+l). 

EXAMPLE PKC65 

30 Z-Leu-Abu-CONH-CH2-C4H4N. This compound was synthesized from the 

corresponding protected a-ketoesto' and 4-(aniinomethyl)pyridine in 45 % yield by the 
procedure described in Example FKC59. The product was greenish yellow solid. Single 
spot on TLC, Rf ■> 055 (CHa3/CH30H 10:1); mp 124-126 ''C Anab calcd. for 



wo 92/11850 



PCT/US91/09786 



-76- 

C25H32N4O5: 468 J5; C, 64.08; H, 6.88; N, 1156. F und: C, 63.88; H, 6.87; N. 11.96. 
NMR (CDOj) ok. MS (FAB) m/e =469 (M+1). 
D. WATO-T^ETONE PEFTOgES 

Halomethyl ketone peptides are irreversible inhibitors for serine proteases and 
5 cysteine proteases. This dass of compounds includes peptides having a variety of 

halomethyl groups at their C-teiminus. These halomethyl groups indude -CHjX, -CHX2 
and C3^, where X represents any halogen. A number of analogous compounds have 
been synthesized, including the amino-halo ketones and the diazo-ketone peptides. 
Although Aese anatogous compounds are diemically distinguishable, all of these 
10 haloketone compounds are beUeved to have a similar mechanism of action. Accordingly, 
for simpUcity, all of the foregoing compounds wiU be referred to collectively herein as 

- __the "Halo-Ketone.PeptidfM.' 

The reactivity of haloketones has generally been found to be in the order I > Br 
> a > F. However, increasing the reactivity of the haloketone in this way can lead to 
15 acceleration of competing side effects. Thus, it is preferable to increase the reactivity of 
the halomediyl ketone pq»tides by altering the peptide structure. 

In selecting a proper inhibitor for Calpain, the same basic peptide structure 
selection techniques as used for the Peptide Keto-Compounds can be used. Once a 
peptide structure has been identified, the most effective C-tenninus grouping can be 
20 empirically determined through kinetic inhibition studies of each of the compounds with 
Calpain. 

Many of the Halo-Ketone Peptides are available commercially. For example, 
Leu-CHaa The^O, Z-lys-CH^a Tosyl-LysCH^Q (TLCK). Tosyl-PheCHja 
CIPCK), Z^ly-Leu-Phe-CHja Z-Phe-Ala-CH^a z-Phe-Phe-CHza D-Phe-Pro-Arg- 

25 CH2CI. MeoSufr-Phe-Gty-Gly-Ala-CHja MeoSuc-AIa-Ala-Pro-Ala-CBjO, MeoSuc-Ala- 
Ala-Pro-Val-CE^a Ala-Ala-Pro-Val-C^aa Ala-Ala-Phe-CHjCl, Suc-Ala-Ala-Pro-Phe- 
cap. and D-Val-Leu.Lys<2l2a are aU available from suppUers such as Enzyme 
Systems Products of Livermore, California. From the same suppHers, the following 
diazomethyi ketone peptides are availaWe: Leu-CHN^, Z-Phe-Phe-CHN^, Z-Phe-Ala- 

30 CHN2, Z-Ehe.Pr0.CHN2, Z-Lys-CHNj and Gly-Phe-CHNi- In addition, the production 
of a-amino fluoro ketone peptides has been described in United States Patent 
No. 4,518,528 to David W. Rasnick, the disclosure f which is hereby incorporated by 
this referoice. 



^ttMefiTtiTE SHEET 



wo 92/11850 



PCr/US91/09786 



-77. 

Hie preparation of various Halo-Ketone Peptides is reviewed in Methods in 
Enzymolog y. 46:197-208 (1977), the disclosure of which is hereby incorporated by 
reference. Brieft^, ludomethyl ketone derivatives of blocked amino adds are readily 
prepared by the reaction of mineral adds (hydrohalic) with the corresponding 
5 diazomethyl ketone. lodomethyl ketones are prepared fay reaction of a halo-ketone with 
Nal, since reaction with HI with a diazomethyl ketone yidds the methyl ketone. A 
number of different blocking groups can be used, induding benzylo^^carbonyl (Z) and t- 
buQdo3ryrcarbonyl (Boc). Hie diazomethyl ketone is prq>ared by reaction of 
diazomethane with the appropriate add activated fay means of diqrdoho^lcarbodiimide 
10 (DCCI), by the mixed anhydride method. 

Unblocked amino add diloromethyi ketones can be prepared by reaction of 
benzyloxycarbonyl blodced derivatives with HBr or HOAc; trifluoroacetic add, or by 
hy£ogenation. 

Synthesis of peptide dilorometh^ ketones can be accomplished simpfy by 
15 coupling an appropriate peptide or amino add with an unblocked amino add 

chloromethyl ketone. A few dipeptides can be converted directly to the diloromethyi 
ketone using the mixed anhydride and CH2N2 followed fay Hd 

Various synthetic problems are encountered in the preparation of chloromethyl 
ketone derivatives of basic amino adds. Ihe side.diain usuaify must be blodced during 
20 synthesis^ and difiSculties are often encount^ed during removal of the bloddng group. 
Use of trifluoroacetic add or HF was eventually found to give a good conversion to 
product. 

A number of examples of the preparation of Halo-Eetone Peptides have been 
reported in the literature, induding a comprehensive review of over 100 amino add 

25 derivatives and approximatlqr 60 pq)tide derivatives listed in J.C Powers, in "Chemistiy 
and Biochemistry of Amino Adds, Peptides and Proteins," Vol. 4, Dekker, New York 
(1977), the disdosure of which is herdjy incorporated by reference. Ihose of skill in the 
art will recognize how to locate a multitude of examples of the production of the Halo- 
Ketone Peptides. Accordingly, no additional examples are provided herein. 

30 E. INVITRQVSE? 

In addition to the foregoing classes of compounds now discovered to possess 
Calpain inhibitory activity, we believe that a large number of other such compounds 
exist In view of the large number of inhibitors of Calpain of different dasses we 
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disdose herein, all of the known, newly discovered and yet undiscovered inhibitors of 
Calpain shall be referred to hereinafter collectively, using the term "Calpain Inhibitor." 

The Calpain Inhibitors may be used in vitro for a varie^ of puiposes to inhibit 
unwanted Calpain activily. For example, the Calpain Lihibitors may be used in vitro to 
5 prevent proteolysis that occurs in the process of production, isolation, purification, 
storage or transport of peptides and proteins. 

The Calpain Inhibitors described herein can also be used in vitro to prevent 
further degradation of tissue samples from occurring after preparation of the samples. 
Tliis in vitro prevention of degradation can be especially useful in the prq)aration of 
10 assays for neurodegeneration wherein the assay comprises a test for the products of 
Calpain activity in the tissues, such as assays for breakdown products (BDF^s) of 
cytoskeletal components such as spectrin, MAF2, actin binding protein and tau. P. 
Seubert et aL, in Neuroscience, 31:195 (1989), the disclosure of which is hereby 
incorporated by reference, disclose an exemplary method of quantitating the amount of 
IS spectrin BDF's as an indication of Calpain activily. 

Hie Calpain Inhibitors of this invention are also us^ in a variety of other 
experimental procedures where proteofysis due to Calpains is a significant problem. For 
example, inclusion of the Ca^ain Inhibitors in radioimmunoassay experiments can result 
in hi^^er sensitivity. The use of the Calpain Inhibitors in plasma fractionation 
20 procedures can result in higher yields of valuable plasma proteins and can make 

purification of the proteins easier. The Calpain Lihibitors disclosed here can be used in 
cloning experiments utilizing recombinant or transfected bacterial or eukaiyotic cell 
cultures in order to increase yield of purified recombinant product 

To use the Calpain Inhibitors in vitro, the Calpain Ihhfljitors are dissolved in an 
25 organic acid, such as dimethylsulfoxide (DMSO) or ethanol, and are added to an 

aqueous solution containing the protease which is to be inhibited, such that the final 
concentration of organic solvent is 25% or less. The Calpain Lihibitors may also be 
added as solids or in suspension. 
F. TREATMENT OF NEURODEGENERATION 
30 We have discovered that the Calpain Inhibitors are useful in vivo to treat 

pathologies in which excess proteolysis by Calpains is involved. Such pathologies are 
believed to include neuropathologies such as neurodegeneration resulting from 
excitotoxicity, HIV-induced neuropathy, ischemia, denervation, injury, subarachnoid 
hemorrhage, stroke, multipie infarction dementia, Alzheimer's Disease (AD), 
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Huntington's Disease, surgeiy-related brain damage, Parkinson's Disease, and other 
pathological conditions. 

L Identificatifmoflnhibitfirs 

In order to identify Calpain Inhibitors that are useM in the practice of the 
5 present invention for treatment or inhibition of neurodegenerative conditions and 
diseases, it is important to identify those inhibitors posessing significant Calpain 
inhibitoiy activi^. It is also important to identify those C^pain Inhibitors having a high 
degree of specificity for inhibition of Ca^ain, in order to avoid interference with other 
biological processes when the Calpain Inhibitor is introduced into a mammal requiring 

10 treatment for neurodegraeration. Because all thiol proteases are believed to exert their 
effect through a similar mechanian of action, our primary concern was to identify those 
Calpain Inhibitors having substantial inhibitory activity against Calpain, but relatively 
weak or no activi^ against other thiol proteases. Aocordingfy, in order to identify such 
Calpain Inhibitors, we tested a variety of Calpain Inhibitors for their abili^ to inhibit 

IS calpains I and II, and compared this data with the ability of the same Calpain Inhibitors 
to inhibit Cathq)sin B, another thiol protease. Those Ca^>ain Inhibitors with high m 
vitro inhibltoiy activity against Calpain and a rdativefy lower activity against Cathepsin B 
are believed to be most useful for in vivd therapy. Examples lA through IC show the 
results of these studies for a variety of Calpain Inhibitors. 

20 EXAMPLE lA 

Inhibition bv Substituted Heterocyclic Compounds 
The isocoumarins are irreversible inhibitors of Calpain. We obtained IC50 values 
for a variety of these Calpain Inhibitors as a kinetic analysis of these compounds. 
Purified Calpains can be assayed using the fluorogenic substrate sucdi^l-leudne- 

25 tyrosine-methylaminocoumarin (available conunerdalty) or by measuring the release of 
acid-soluble peptides from casein because we have found that the isocoumarins inhibit 
casein proteofysis by Calpain. 

Calpains I and n were purified by the method of (Yoshimura, et aL 1983). 
(Kitahara 1984) provides an alternative purification scheme. Calpain II may alt^nativdy 

30 be purchased from Sigma Chemical Co. as "Calcium Activated Neutral Protease." In this 
assay, purified Ca^ain was incubated with ^^C-methylated casein in the presence of 
various Heterocyclic Compounds and the amount of add-s luble radioactivity released by 
the action of Calpain was measured. Hie IC50 values wer determined as the 
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concentration of Heterocyclic Compound compound at wbkii 50% of the Calpain activi^ 
was inhibited. Table lA shows IC50 vahies for various Isocoumarin Compounds. 
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TABLE lA 

INHIBmON OF CALPAINS BY SUBSIITDTED ISOCOUMAKINS 

iCyff (um 



5 CfTPrOIC 100 70 

NHj-CiTPrOIC (ACmC) 10 120 

PhCHjNHCONH-CiTPtOIC 80 30 

CHaOONH-CfmoiC 700 80 

L-Phe-NH-QTPrOIC 30 

10 BGC-L-Phe-NH-CSIPrOIC no inhibition >200 

PhCHaNHCONH-OrEtOIC 90 

PhCHaCONH-QTEtOIC 30 

D-Phe-NH-CriEtOIC 200 

15 Thus, it can be seen from TaUe lA that a variety of the Isocoumarin 

Compoxuds have significant Calpain inhihitoiy activity at low concentrations. 

EXAMPLE IBa) 
Protease Lihibition hv Peptide Keto.Chmpniinrt« 

The Peptide Keto-Con^unds are reversible inhibitors of Ca^ains and other 
20 thiol proteases. The values for the inhibition of calpain ]^ calpain n and Cathepsin B 
were determined for several Pq)tide Keto-Compounds, lohihition of cai^ain I from 
human eiythrocytes and ca^ain n from rabbit musde were assayed using 
Suc-Leu-iyr-amidomethylooumarin as substrate in an assay buffer of 20mM HEPES 
pH-'7.2, lOmM CaCl2, IQmM £-macaptoethanoL Cathepsin B from bovine spleoi was 
25 assayed using Z-Lys-4-nitrophei^jpho9hate as substrate. 

Table 1B(Q shows the results of the studies of Example lB(i). Hie Ki vahie for 
the inhibition of Ca^ains and cathq}sin B by several Peptide Keto-Compounds are 
shown in (iM (miovmolar). The values for leupq>tin, yfiadi is commercially available 
from Calbiocfaem of La JoUa, California, are shown for comparison. 
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Table lB(i) 

iq VALUES FOR PEPTIDE KETO-COMPOUNDS 



inniDicor 


^'alnain T 


r^lnain TT 
\ i*€iiiimii 


Cathensin B 




Leupeptin 


0J2 


0.43 


0 


- 


ZrAla-Ala-Ala-COjMe 


200 




15 




Z-AIa-Ala-Abu-CO^t 


SO 


200 


0.9 




Z-Leu-Phe-C02Et 


023 


0.4 


>50 




Z-Leu-Nle-COjEt 


0.12 


0.18 


18 




Z-Leu-Abu-COjEt 


0.04 


0.4 


14 




Z-Leu-Nva-COOEt 




L2 


30 





It can be seen from the results in Table lB(i) that the Peptide Keto-Compounds 
inhibit C^pain with Ki values similar or superior to leupeptin. In particular, Z-Leu-Phe- 
15 C02Et, Z-Leu-Nle-C02Et and Z-Leu-Abu-COjEt were found to possess greater Calpain 
inhibitory activity than leupeptin- In addition, these particular compounds were highty 
specific to Calpain, with lower inhibitory activity toward Cathepsin B than leupeptin. 

EXAMPLE lB(u) 
Protease Inhibition of Peptide Keto-Compounds 
20 We tested the ability of an additional group of Peptide Keto-Compounds to 

inhibit several proteases in order to evaluate their specificity for Calpain. The results of 
these studies are shown in Table lB(ii). 
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Tahle lB(ii). Inhibition of Calpain I, Calpain n, Cathepsin B, FP Elastase and Papain 



Inhibitor 


Ki(|iM) 


^.tttipain Ml. 


\i<llipnlll oX 






Clnalil 
86 


imimin 


1 Z-Ldi-Abu.COO£t 


4S 


OA 


30 


>100 


>100 


220 


1 2>Lea-Abu-COOnBu 


1J6 




4 


>100 


25 


10 


Z-Leu-Abu-COOBz 


9JS 


0.47 


4 


40 


>100 


40 


Z-Leu-Leu-Abu-COOEt 


1.8 


2.6 


22 


>100 


25 




2-NapS02-Leu-Ijeu-Abu-COOEt 


16 


1.4 


25 


35 


47 




2-N]]$iCO-Leu-Leu-Abu-COOEt 




0.09 




>300 


28 




Tos-Leu-Leu-Abu-COOEt 


33 




69 


25 


28 




Ph-(CH3)2-CO-Leu-Abu^OOEt 




12 










Z-Leu-Abu-COOH 


0.075 


0.022 


1.5 


>150 


>150 




Z-Leu-Abu-CONHEt 


0.5 


023 


2.4 


>150 


65 




Z-IHi-Abu-CONHnPr 




025 


8 


>300 


2 




Z-Leu-Abu-CONHnBu 


02 




13 


>300 


5 




Z-Leu-Abu-CONHiBu 




0.14 


4 


>3G0 


40 




Z-LeU'-Abu-CX:>NHBz 




0.35 


2 


>300 






Z.Leu-Abu.CONH-(CH2)2-Ph 




0.022 










Z-i:ffli-Abu^MH-(CEl2)3-Mpl 




0.041 










Z-Leu-Abu-CX)NH-(CH2)7CH3 




0.019 










Z-Leu-Abu-CONH-(CH2)20H 




0.078 
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Inhibitor 


iq(liM) 






1 J#fl 111 A 




CatiiB 


Cbym 


elflsta 
se 


papidn 


Z-Leu-Abu-CONH- 

(CH2)20(C3J2)20H 


0.16 












Z-Leu-Fhe-COOEt 


1.8 


0.4 


340 


0.025 


>100 


73 


Z-Leu-Phe-COOnBu 


5.0 


u 


15 


0.15 


>100 


13 


Z-L&-Fhe-COOBz 


3.4 


1.6 


45 


1.6 


>100 


A< 1 
1 


— _ 

Z-Leu-Leu-Phe-COOEt 


1.4 


1.9 


42 


0.26 


>100 


1^ y 


Z-Leu-Fhe-OOOH 


0.0085 


0.0057 


4.5 


76 


>150 




Z-Leu-Phe-CONHEt 


7.0 


032 


6 


73 


>150 




Z-Leu-Phe-CONHnPr 


15.0 


0.05 


3 


18 


>300 





Z-mi-Fhe-CX)NHiiBu 




0.028 


3 


8 


MOO 







Z-Leu-Fhe-COl^HiBu 




0.065 


4 


24 






Z-Leu-Phe-OONHBz 




0.046 



















(Ti 
w 










0.18 


20 




H 


190 


Z-mi-Nva-COOEt 


L4 


12 


25 


160 


23 


150 


ZrLeu-Met-COOEt 


LO 


L5 


55 


L75 


>100 


140 


Z-Leu-4^-Fhe-C00Bt 


<4.0 


0.4 


50 


0.9 


>1Q0 


150 
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Table lB(ii) shows the inhibition constants (Kj) for cathepsin B, calpain I, and 
calpain n with peptide ketoamides. Dipeptide Ketoamides with Abu and Phe in the F^^ 
site and Leu in the P2 site are potent inhibitors of calpain I and ca^am IL Z-Leu- 
Abu-COIQI-Et is a better inhibitor of calpain I than Z-Leu-Phe-CONH-£t by 14 fold. 
5 Replacement of the Z group ^hCH20C0-) by similar groups such as FhCB^CH2C0-, 
FhCH2CH^02-, PhCH2NHC0-, and FhC^NHCS- would also result in good inhibitor 
structures. The best inhibitor of calpain n is Z-Leu-Abu-CONH-(CH2)2*P^ Qianging 
the R3 and R4 groups significant^ improves the inhibitozy potency toward calpain IL 
The best Dipeptide Ketoamide inhibitors are those whidi have long all^ side chains 

10 (e.g. Z-Leu-Abu-CONH-(CH2)7CH3), alkyl side diains with phenyl substituted on the 
all^l group (e.g. 2>Leu-Abu-CONH-(CH2)2*Ph), or a all^l groups with a moipholine 
ring substituted on the alkyl group [e.g. Z-Leu-Abu-CONH-(CH2)3-MpI, Mpl » - 
N(CH2CH2)20]. Dipeptide cc-ketoamides with a small alq)hatic amino acid residue or 
a Phe in the P^ site are also good inhibitors for cathepsin B. Hie best inhibitor is Z- 

15 Lcu-Abu-CONH-Et and replacement of the Z (PhCH20CX)-) by PhCai2CEDjCO-, 

PhCH2CH2S02-, PhCH2NHCX>, and PhCH^^CS- would also result in good inhibitor 
structures. 

EXAMPLE lB(ffi) 

20 We determined the half-life of several Peptide Keto-Compounds in both plasma 

and liver homogenates. The results of the determinations of stability of the compounds 
in plasma and liver homogenates are shown in Table 16(ui). 
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Table lB(iil). Stability in Plasma and In liver of Peptide Keto-Compoonds. 





Inhibitor 


tl/2 






plasma 


liver 


5 


Z-Leu-Abu-COOEt 


2JB 






2-NapS02-Leu-LeupAlni-COOEt 


> 60 






1 2-NapCO-Leu-Leu-Abu-COOEt 


25 






Tos-Leu-Lea-Abu>COOEt 


30 






Z-Leu-Abu-COOH 


> 60 


>60 


10 


Z-Lea-Abu-CONBEt 


> 60 


>60 




Z-Leu-Abu-CONHnPr 


> 60 


>60 




Z-Leu-Abu-CONHnBu 


> 60 


>60 




Z-Len-Abu-CX)NHIBa 


> 60 






Z-Leu-Abu-CONHBz 


> 60 


>60 


15 


Z-Leu-Phe-COOEt 


7^ 






Z-Leu-Pbe-COOnBu 


7,7 






Z-Lea-Pbe-COOBz 


L9 






Z-Leu-Phe-COOH 


> 60 


>60 




Z-Leu-Phe-CONHEt 


> 60 


>60 


20 


Z-Leu-Pbe-CONHnPr 


> 60 


>60 




Z-Len-Phe-CONHiaBo 


> 60 


>60 




Z-Len-Phe-CONHiBu 


> 60 






Z-Leu-Phe-CONH(CH2)2Pb 


> 60 






&Len-Nle-COOEt 


3.7 
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Inhibitor 


a/2 1 


plasma 


liver 1 


Z-Leu-Nva-COOEt 


2A 




Z-Leu-Met-COOEt 


8 





It can be seen from the data in Table lB(in) that the Peptide Keto-Compounds 
S are general^ quite stable in plasma and liver homogmates. However, it is also shown 
that the Peptide a-ketoamides were substantially more stable in both plasma and liver 
than the corresponding pq)tide a-ketoesters 

EXAMPLE IC 

Protease-Inhibition-bv-HalQ^Ketone-Peptides 

10 The Halo-Ketone Peptides, like the substituted isocoumarins, are irreversible 

inhibitors of Ca^ain. We detennined the K^^ITI values for various members of this 
dass of compounds against Calpains I and IL For comparison, we also determined 
these values against the additional thiol proteases Papain and Cathq>sin B for at least 
one Halo-Ketone Peptide. These K^ values are not direcdy comparable to the or 

IS IC50 values detmnined above for other classes of inhibitors. 

We assayed Ca^ain I and II using Suc-leu-tyr-amidomethylcoumarin. Papain 
was assayed using benzqyl-arg-4-nitroanilide, and Cathepsin B (bovine) was assayed 
using CBZplys-4-nitrophenyl ester. We followed the progress curve method of Tian and 
Tsou, Bfoghemtot 21:1028-1032 (1982), the disclosure of which is hereby incorporated 

20 by reference, to derive kinetic data. Briefly, this mediod makes use of the equation: 

(1 4 [S]/K)Anf] 

where [PJ represents the concentration of product formed at a time approaching 
infinity, A is the in the presence of substrate (S), K is the Michaelis constant and 
25 [Y] is the concentration of the inhibitor. Since [S] and [Y] are known and V and K can 
be determined, K^ can be readify determined. 

The Kg^[I] for various Halo-Ketone Peptides are shown in Table IQ 
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TABLEIC 

KINEnC PARAMETERS OF HBlo-Eetone Peptides 



Inhibitor 


CI 


cn^ 


F CS 


Z-Gly-Leu-Fhe-CE^a 


284000^ 


946000 




Boo-GIv-Leu*Fhe-CHAQ 




902000 


540000 290000 


Z-Leu-Plie-CH2Ci 


22SO0fP' 


585000 




Z-Gfy^Leu-AIa-CB^a 




210000 




Ao-Lea-Phe-CHja 


25900^ 


33400 




Z-Val-Phe-CB^a 




27200 




Z-Ala-Fhe-CH^a 




2400 




Ac-AIa-Ala-Ala-Ala-C^a 




1300 




d s Ca^ainl 









Cn = Calpainll 

P = Papain 

CS » Catfaepsin B 



2. Human 
^-Rabhit 



It can be seen from the results in Table IC that the ^o-Ketone Peptides 
20 inhibit Calpain with relatively high K^Ui vahies. In particular, Z-gly-leu-phe-CSHaa. 
Boc-gly-leu-phe-CHiCa, Z-leu-phe.C3l2a and Z-gfy-Ieu-ala-CSaCl were found to 
possess significant Calpain inhibitory activity. In addition, Boo-gJy-leu-phe-CB^a was 
shown to be some^at qiecific to Calpain, with lower inhibitory activity toward 
C^thepsin B or Papain than toward Calpain. The results shown in the table reveal that 
25 Z-gly-leu-phe-CH2a and Boc-gly-leu-phe-CH^Cl produce similar inhibitory effects. 
Thus, the blocking group is not shown to have a great effect on Ca^ain inhibitory 
activity. 

The kinetic constants of other irreversible Calpain Inhibitors include the 
fonowing with K^pp/P] in parentheses: (7500), E64.d (23000) and Z-leu-leu-tyr- 
30 CHN2 (230000). E-64 is commercially available from Sigma Chemical Co., and is 
shown here to be a poor inhibitor of CalpaiiL Z-leu-leu-tyr-CHNj is a diazomethyl 
peptide compound, here shown to possess significant Calpain inhibitory activity. 

2. Inhibition of Calpain in Neural Tissues 
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In order to evaluate the inhibition of Calpain by the various Ca^ain Inhibitors 
in neural tissues, we assayed the Calpain Inhibitors using the known ability of Calpain 
to cleave spectrin, a protein component of neuronal and other tissue, into BDF's. In 
this assay, more effective Calpain Inhibitors will prevent the conversion of spectrin into 
5 BDF's. Example 2 is one example of such an assay. 

EXAMPLE2 
Inhibition of Calpain in 
Crude Brain Extracts bv Caloain Inhibitors 
The activity of Calpain in crude brain extracts was measured by examining the 
10 Ca^* -stimulated proteolysis of the endogenous substrate spectrin. Brain tissue was 

homogenized in lOmM Tris pH«7,4, 0J2M sucrose, ImM EGTA, ImM dithiothreitol 
and the nudei and debris removed by low speed centrifugation. Various Calpain 
Inhibitors were added to the supernatant in a DMSO vehicle and a calcium salt (final 
effective concentration about 1.2mM) added to start the reaction. Proteolysis of 
15 spectrin was evaluated by western blot as described by Seubert, et al. (Brain Researdi, 
459:226-232, 1988), the disclosure of which is hereby incorporated by reference. 
Briefly, a known quantity of a spectrin-containing sample treated with Ca^ain is 
separated by SDS-PAGE and immunoblotted with anti-spectrin antibody. The amount 
of spectrin immunoreactivi^ found corresponding to the characteristic BDFs is 
indicative of the amount of spectrin activi^ present in the sample. An examplary 
method for quantitating BDFs is to assay Spectrin BDP*s by homogenizing brain parts 
in 20mM Tris pH=7^ 32M suCTOse, SOjaM Ac-Leu-Leu-nLeu-H on ice. Homogenates 
are then mixed 1:1 with 10% SDS, 5% fl-mercaptoethanol, 10% glycerol, lOmM Tris 
pH=8.0, 0.5% bromophenolblue, heated to 95** C, and subjected to electrophoresis in 
4-1/2% pofyacrylamide gels. Hie proteins in the gels are transferred to nitrocellulose 
and the spectrin and BDFs detected using a rabbit potydonal anti-spectrin antibody 
and established immunodetection methods. The amount of spectrin and BDP's in each 
sample can be quantitated by densitrometric scanning of the developed nitrocellulose. 

Due to Calpain's requirement for Ca^"*", in the absence of Ca^* little or no 
spectrin proteolysis occurred, regardless of the presence of inhibitor, while in the 
presence of Ca^^ the spectrin was > 95% cleaved to BDP's within 40 min. if no Calpain 
Inhibitor is added. 
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Both leupqptin and CIl showed inhibition in the system of Example 2- In 
addition, the following compounds of the Substituted Heterocyclic Compounds were 
found to produce significant inhibition at 100 |iM: 

3-chloroi5ocoumarin 
5 3,4-dichloroisocoumarin 

3- benzylo^-4-chIoroisocoumarin 
7*(acetylamino)-4-diloro-3-(propo3y)-isocoumarin 

4- chloro-3-(3-isothiureidopropray)isocoumarin 

7-amino-4-chloro-3- 
10 (3-isothiureidopropoxy)isocoumarin 
7-(ben2ylcarbamoylamino)-4-chloro*3- 

(3-isothiureidopropoxy)isocoumarin 
7-(phenylcarbamoylamino)-4-chloro-3- 

(3-isothiureidopropo2y)isocoumarin 
15 7-(acetylamino)-4-chloro-3- 

(3-isothiureidopropo3y)isocoumarin 
7-(3-phenylpropionylamino)-4-chloro-3- 

(3-isothiureidopropoxy)isocoumarin 
7-^henylacetylamino)-4-chloro-3- 
20 (3-isothiureidopropo:g^)isocoumarin 
7-(L-phenylalanylamino)-4-chloro-3- 

(3-isothiureidopropo]Q^)isocoumaiin 
7-(ben2yIcarbamoylamino)-4-chloro-3» 

(3-isothiureidoethoxy)isocouniann 
25 7-(phenylcarbamoylamino)-4-chloro-3- 

(3-isothiureidoethoxy)isocoumarin 
7-(D-phenylalanylamino)-4-chloro-3- 

(3-isothiureidoethoxy)isocoumatin. 
The following compounds of the Halo-Ketone Peptides were also found to 

30 produce significant inhibition at 100 ^M: 
Z-Leu-Phe-CH2a 
Ac-Leu-Phe-CH2a 
Z-Gly-Leu-Phe-CH2a 
Boc-Gly-Leu-Fhe-CH2a 
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AcVal-Phe^OCa 
Z.G]y.Leu-Ala-CH2a 

In addition, the following compounds of the Fq)tide Keto-Compounds were 
found to produce significant inhibition at 100 |iM: 
5 Bz-DL-Phe-COOEt 
Z-Leu-Nva-COOEt 
Z-Leu-Nle-COOEt 
Z-Leu-Phe-COOEt 
Z-Leu-Abu-COOEt 
10 Z-Leu-Met-COOEt 

Z-Ala-Ala-DL-Abu-COOEt 
MeO-Suc-Val-Pro-DL-Phe-COOMe 
Z-AIa-Ala-Ala-DL-Ala-COOEt 
MeO-Suc-Ala-Ala-Pro-DL-Abu-COOMe. 
15 Z-Leu-Phe-COOEt 

Thus, the Substituted Heterocyclic Compounds, Peptide Keto-Compounds and 
Halo-Ketone Pq)tides, in addition to leupq)tin and CIl, provide inhibition in brain 
homogenates. 

3. In Vivo Inhibition of Neurodegeneration through Infusion Techniques 
20 In order to demonstrate that the inhibition of Calpain activity alone is sufficient 

to inhibit neurodegeneration in vivo, we tested the ability of the Calpain Inhibitor, 
leupeptin, to inhibit neurodegeneration in gerbils subjected to transient ischemia. 

As stated above, leupeptin is poorty membrane permeant. Therefore, leupeptin 
is not expected to cross the blood-brain barrier ("BBB") very well. Accordingjy, in 
25 order to provide the brain with sufficient leupeptin to adequately inhibit Ca^ain 

activation, we used brain infusion techniques. Through the use of these techniques we 
were able to subject brain tissues to intimate contact with leupeptin for sustained 
periods of time. Example 3A is provided to show the in vivo protection from 
neurodegeneration found during one such study. 
30 EXAMPLE3A 

In Vivo Protection Against Neurodegeneration 
A small cannula was implanted in the right lateral ventricle of adult gerbils, and 
secured to the skull with dental oment An Alzet micro-osmotic pump was attached to 
the cannula for intracerebroventricular poiiision. The pump was filled with either 
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saline alone (control) or leupeptin (20 mg/ml in saline). After three days perfusion 
with either the control solution or with the leupeptin solution, transimt isdiemia was 
induced by bilaterally damping the carotid arteries for a period of ten minutes. Core 
temperatures were taken during and following ischemia, with no differences noted 
5 between control and leupqptin treated animals. Fourteen days later, the animals were 
sacrificed by Nembutal overdose and transcardial per&ision of a 10% solution of 
paraformaldehyde in PBS. Coronal sections of the brain were stained with cresyl violet 
and were examined for the extent of neuronal loss. Tlie control gerbik exhibited the 
typical damage found in the CAl field following ischemia, with a 72% loss of neurons. 

10 However, the leupeptin treated gerbils showed far less neurodegen^ation, with onfy a 
15% loss of neurons. 

The results of Example 3A cannot be ejqplained by changes in thermoregulation, 
since core temperatures did not differ between the groups. Accordingly, we believe 
that the Calpain inhibitory activity of leupeptin is responsible for the observed 

15 differences in neuronal cell loss. In order to further quantitate the differences, and 

verify that leupeptin produced a Calpain inhibitory effect within the observed regions of 
the brain, we performed a related series of experiments- In this series of experiments, 
spectrin BDFs were measured in the leupeptin treated and control animals. As 
discussed above, these BDP's are indicative of the amount of Calpain activity occurring 

20 within the tissue. Example 3B is provided to demonstrate the results of these 
e:q)eriments. 

EXAMPLE 3B 
Tn Vivo Inhibition of Calpain Activitv 
Implantation surgeries and damping of the carotid arteries were performed as 
25 above with a control-ischemia groi^ (n=4) and a leupeptin-ischemia group (n=5). A 
third group of animals (n=4) received implantation with pumping of saline, but was not 
subjected to ischemia. Animals were sacrificed by decapitation 30 minutes after 
clamping of the arteries. The brains were rapidty removed and placed in cold 
homogenization buffer (032 M sucrose, 10 mM Tris-HO, 2 mM EDTA, 1 mM EGTA, 
30 100 pM leupeptin and 1 pg/ml of the Halo-Ketone Compound, tos-phe-CH2a 

(TPCK)). The CAl region of the h5)pocampus was then dissected. The samples from 
both control and leupeptin treated animals were then prepared for SDS-PAGE and 
immunoblotting with labeled anti-q)ectrin antibody, as described above in connection 
with yi vitro uses of the Calpain Inhibitors. The control animals exhibited a marked 
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increase in the levels of BDP's relative to the gerbils not subjected to ischemia. These 
BDP's co-migrated with BDF's observed after in vitro proteolysis of spectrin with 
Calpain. The brain tissue from the leupeptin treated gerbils exhibited approximately 
25% of the BDF's observed in the control ischemia treated gerbils. 
S Another group of gerbik (n^S) were sacrificed immediately after ischemia 

without leupq)tin treatment in order to observe the ^ects of ischemia without 
reoxygenation. These gerbils ediibited a similar amount of increase of BDF's as the 
control-isdiemic gerbils obsa:ved after a 30 minute reperfusion period. 
Thus, the results of Example 3B indicate that leupeptin exerts its 
10 neuroprotectiveeffect through the inhibition of Calpain activati^^ The results also 
indicate that the observed proteolysis of spectrin was an effect of ischemia, and not 
secondary to the rerag^genation. Accordingftr, the results indicate that inhibition of 
Calpain activity in vivo produces a neuroprotective effect. 

Although the foregoing studies demonstrate that leupeptin can inhibit 
15 neurodegeneration in vivo. leupq>tin is not the therapeutic drug of dioice because of 
the need to infuse the drug directly into the brain for an extended period of time to 
exert its neuroprotective effect. This is due to the relatively poor abUi^ of this 
compound to cross the BBB. According, it is bdieved that a more therapeutically 
practical way to inhibit neurodegmeration would be to use more membrane permeant 
20 Inhibitor of Calpain. 

4. Platelet Permeabllily 

In accordance with our discoveries demonstrated in Examples 3 and 3A, we 
believe that having a compound cross the BBB and enter CNS tissue is a key 
characteristic of a therapeutical^ useful approadi to treat or inhibit neurodegeneration 

25 within the CNS. Use of Ca^ain inhibitors that have enhanced membrane permeability 
is one such approach. Thus, we measured the ability of various Calpain inhibitors to 
penetrate the platelet membrane and inhibit Ca^ain that is normal^ contained in 
platelets. As shown below in the following examples^ our results indicate that particular 
compounds of the Heterocydic Con^unds, Peptide Keto-Compounds and Halo- 

30 Ketone Peptides, in addition to the Peptide Aldehyde, Ql, exhibit good membrane 
permeability. 

As an indication of the membrane permeability of the various Calpain 
Inhibitors, we measured the ability of various Calpain Inhibitors to penetrate platelet 
membranes and inhibit the Calpain normally found within platdets. The membrane of 
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platdets is believed to have many similarities to Ae BBB and according, sudi 
e3q)eriments are believed to provide a good indication of the ability of the various 
Calpain Inhibitors to cross the BBB. Example 4 shows results of some of Aese 
platelet expeiiments using the Ca^ain Inhibitors of the present invention. 
5 EXAMPLE44 

^fembrane Permeation of Calpain Miibitors 
Platelets were isolated by a modification of the method of Ferrefl and Martin, J. 
Biol. Chem^ 264:20723-20729 (1989), the disclosure of which is hereby incorporated by 
reference. Blood (15-20 ml) was drawn from male Sprague-Dawley rats into lOOmM 
10 EDTA-dtrate containing 10 units hqiarin, and centrifaged 30 minutes at 1600 ipm at 

room temperature. The plasma was resuqjended in 15ml buffer 1 (136mM NaO, 
2.7mM Ka 0.42mM NaH2P04, 12mM NaHCOa, 2mM MgQj, 2 mg/ml BSA (Sigma). 
5.6mM glucose, 22mM Na3atrate pH 6S) and platelets were isolated at 2200 ipm at 
room temperature of 25 minutes. Platelets were resuspended to 10^ cells/ml in buffer 

15 2 (136mM NaQ 2.7mM Ka 0.42 NaH2P04, 12mM NaHCOs, 2mM MgP, 1 mg/ml 
BSA, 5.6mM glucose, 20mM HEPES pH 7.4) and allowed to "rest" for a minimum of 
10 minutes at room temperature before use. 

Platelets were incubated for 5 minutes in the presence of inhibitor. In ordw to 
provide sufBdent intracellular calcium to activate Ca^)ain, the calcium ionophore 

20 A23187 was added to a final concentration of l|iM. After a further 5 minute 
incubation, the platelets were harvested by centrifugation (1 min 10,00Qxg) and 
resuspended in 10% sodium dode<yi sulfate, lOmM Tris pH=8.0, 5% 
B-mercaptoethanol, 0.02% bromophenol Hue, and heated to 95° C for 5 min. 
Samples were subjected to SDS-PAGE on 6% mini gels and transferred to 

25 nitroceflulose (Schleicher and SchueU BA83) for 2 hours at lOOmA/gd in an LKB 

Novahlot Filters were blocked for 10 minutes in 025% gelatin, 1% BSA, 0.25% Triton 
XlOO, 0.9% NaO, lOmM Tris-Q pH 75, incubated overnight in the same sohition 
containing antibody to rat spectrin, washed 3 X 10 minutes with lOmM Tris-Q pH 7 J, 
05% Triton XlOO, incubated 4 hours in wash buffer plus alkaline phosphatase 

30 conjugated goat anti-rabbit antibody (Biorad), and washed as above. Filters were 

devdoped using the Biorad AP conjugate substrate kit Spectrin immunoreactivity on 
the filters was quantitated by densitometry. 

The inhibition of Calpain within platelets as measured by the proteofysis of the 
endogenous Calpain substrate spectrin in the presence of inhibitors was assayed for a 
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variety of Calpain Inhibitors. The poorly penneant inhibitors leupq)tin and E-64 had 
litde effect on intracellular Ca^ain. In contrast, the highly membrane permeant 
Heterocyclic Compounds, Peptide Keto-Compounds, and Haio-Ketone Pqptides 
effectively inhibited platelet Calpain. 

Hie following Heterocyclic Compounds were found to produce significant 
inhibition at 100 tiM in the system of Example 4: 

S-chloroisocoumaiin 

4<hloro-3-(3-isothiureidopropo)7)isocoumarin 
7-amino.4-chloro-3- 

(3-isothiureidopropoxy)isocoumarin 
7-(benzylcarbamo3damino)^«chloro-3- 

(3-i80thiureidopropo3^)isocoumarin 
7-^henyIcarbamoylamino)-4-diloro-3- 

(3-isothiureidopropoxy)isocoumarin 
7-(acetylamino)-4-chloro-3- 

(3-isothiureidopropQxy)isocoumarin 
7-(3-pheny^ropionylamino)-4-Ghloro*3* 

(3-isothiureidopropo}gr)isocoumarin 
7-(phenylacetylamino)-4-diloro-3- 

(3*i50thiureidopropoj7)isocoumarin 
7-(L^phenylalanylamino)-4-chloro-3. 

(3-isothiureidopropo?7)isocoumarin 
7-(benzylcarbamoylamino)^-chIoro-3- 

(3-isothiureidoetho:37)isocoumarin 
7»(phenylcarbamoylamino)-4-chloro-3- 

(3-isothiureidoetho37)isocoumarin 
7-(D-phenylalan)iamino)-4-chloro-3- 

(3-isothiureidoethQ37)isocoumarin. 
The following Halo-Ketone Peptides were found to produce significant 
inhibition at 100 |xM in the system of Example 4: 
Z-Leu-Phe-CH2a 
Ac-Leu-Phe-CH2a 
Z.Gly-Leu.Phe-CH2a 
Boc-GIy-Leu-Phe-CH2CL 
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Tlie following Peptide Keto-Compoimds were found to produce significant 
inhibition at 100 |iM in the system of Example 4: 

Z-Ala-Ala-D,L-Abtt-CXX)Et 

Z-Ala-Ala-Ala-D,L-Ala*COOEt 
5 MeO-Suc-Ala-Ala-Pro-DJ^Abu-COOMe 

Z-Leu-Phe-COOEt 

ZrLeu-Me-COOEt 

Z-Leu-Nva-CXKJEt 

Z-Leu-Abu-COOEt 
10 2>Leu-Abu 

Z-Leu-4-a-Phe-COOEt 

ZXLeu-Leu-Abu-CCXDEt 

Zieu-Leu-Phe-COOEt 

2-NapS02-Leu.Abu.COOEt 
15 2-NapS02-Leu-Leu-Abu-COOEt 

Z-Leu-Met-C02Et 

Z-Leu-NLeu-CO^Et 

2>Leu-Phe-C02Bu 

2^Leu-Abu-C026u 
20 Z-Leu-Phe-C02BzI 

Z-Leu-Abu-COjBd 

Z-Ala.AIa-DJ^Abu<;OOBzl 

Z-Leu-Phe-COOH 

2>Leu-Abu-COOH. 

25 Among those compounds found to exhibit Calpain inhibitory activity in the 

homogenate system of Example 2, we found at least three compounds which failed to 
exhibit Calpain inhibitory activity in the platelet system of Example 4. These 
compounds are leupeptin, MeO-Suc-Val-Pro-D,L-Phe-COOMe and Bz-D,L-Phe. 
COOEt. Leupeptin is known to be poorfy membrane permeant, thus confirming that 

30 the platdet assay will exclude known poorfy membrane permeant compoimds. 

Accordingfy, the two Pq)tide Ketocompounds found not to provide Calpain inhibitory 
activity within platelets are also believed to be poorfy membrane permeant, and would 
not be esqpeaed t cross the BBB. 

EXAMPLE4B 
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Qyantitatfy^ Stu^iiw gf Tlml^ Mgmbff ne Permgafriliy 

We p iformed additional quantitative or semi-quantitative studies on several 
Peptide Keto-Compounds using the assay of Example 4A, except that IC5Q values were 
determined as the concentration at which 50% of the Calpain activation present in 
5 controls occurred. Results are shown in Table 4B. For the semi-quantitative assays, 
indicated with +'& in Table 4B» indicates detectable inhibition at 100 |iH 
indicates significantly more inhibition than and + + " indicates no detectable 
activation of Calpain detected 
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TABLE 4B 

Platelet Assay of Peptide Ketoamldes, Ketoestos and Ketoadds 





Inhibitor 




5 






1 Z-Leu-Abi^COO£t 


42 




Z-Leu-Abu>COOiiBu 


28 




Z-Lea-Abu-COOBz 


+ + 




Z-Len-Leu-Abu-COOEt 


40 


10 


2-NapS02-Leu-Leu-Abu-C»OEt 


100 




Tos-Leu-Leu-Abu-COOEt 


30 




Z-Leu-Abu-COOH 


8 




Z-LeoAbu-CONHEt 


15 




Z-Leu-Abu-CX)NHjnPr 


70 


15 


2^Leu-Abu-C0NniBtt 


zo 




Z-Leu-Abu-CONffiBu 


28 




Z-Leu-Abu-CONHBz 


L5 




Z-Leu-Fh&<:OOEt 


42 




Z-Leu-Fhe-COOnBu 


++ + 


20 


2S-Leu-Phe-COO& 


++ 




Z-Leu-Leu-Phe-COOEt 


++ 




Z-Leu-Fhe-COOH 


65 




Z-Leu-Phe-CONHEt 


1.7 1 




2>Leu-Phe-CONHnPr 


24 1 
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Inhibitor 


IC50 


Z-Leu-Phe-CONHnBu 




38 


Z-Leu-Phe*CX>NI£Bu 


22 


Z.Leu.Phe-CONH(CH2)2Ph 


3.0 




20 


Z-Leu-Nva-COOEt 


40 


Z-Leu-Met-COOEt 


+ 


Z-Leu-4-a-Phe-OOOEt 


+ 



Table 4B shows that peptide a*ketoamides and ketoacids were mudi more 
10 effective than corresponding peptide ketoesters in this platelet assay. Extending the 
R3 group to an alkyl group or an allgrl group substituted with a phenyl group increased 
the membrane permeability of the inhibitors as indicated by increased potency in the 
platelet assay. In view of these results, ^plicants believe that extending the R group 
to include longer alkjd groups or alkyl groups substituted with phenyl groups would 
15 increase the membrane permeability of a given inhibitor. 

In view of the foregoing, the results of Examples 4A and 4B support our belief 
that CIl and the Substituted Heterocyclic Compounds, Peptide Keto-Compounds and 
Halo-Ketone Peptides are believed to be membrane permeant and therefore, are 
expected to be effective in crossing the BBB subsequent to in vivo administration of the 
20 compounds. 

5. Glutamate Toxicity 

To further identify those Calpain Inhibitors likely to possess pharmacologically 
active neuroprotective ability, we tested the ability of the Calpain Inhibitors to protect 
against glutamate exdtotoxicity. Excess extracellular glutamate is thou^t to play a key 
25 role in the induction of neuropathology in ischemia, which is accompanied by Calpain 
activation. In support of this role for excess glutamate, cultured N18-RE-105 (a 
neuroblastoma-retinal hybrid) cells can be killed by the addition of glutamate into the 
culture medium. Hiis glutamate^mediated cytotoxicity is calcium dependent and can be 
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reduced through a number of medianisms, including free radical scavengers, blockers of 
the N-type voltage-sensitive calcium channel, and quisqualate-sub^e glutamate 
antagonists. Thus, glutamate-mediated killing of N18-RE-105 cells is an in vitro model 
for neuropathology. 

Accordingly, we tested the ability of the Calpain Inhibitors to inhibit glutamate- 
induced cell death in these cells in order to establish that the Ca^ain Inhibitors can 
decrease or prevent glutamate-induced death Of N18-KE-10S cdls. Some of these tests 
are shown in Example 5. 

EXAMPLES 

TnhibitiQn of Gluta mate-Ihduced Cell Death 
Stock cultures of N18-KE-105 cells were maintained in Dulbecco's modified 
Eagle's medium (DMEM) containing 10% fetal bovine serum (FBS) and supplemented 
with hypoxanthine, aminopterin and thymidine (HAT). Subconfluent cultures were split 
and plated into 96-well plates. Twenty-four hours after plating the cdb were exposed 
to fresh media containing glutamate and various concentrations of Calpain inhibitors. 
Control cdls were not treated with glutamate. The treated cells received 5mM 
glutamate and leupeptin (5jig/ml) or the other Ca^ain Inhibitors listed in Figure 1 at 
3|xg/mL Conversion of MTT was measured 19 hours later as described. Nineteen 
hours after the onset of exposure, cell viability was quantitated by measuring the extent 
to which the cells convert 3(4,5-dimethylthia2ol-2-yl)-2-5-diphenyltetra2olium bromide 
(MTT) to a blue formazan product, which occurs in the mitodiondria of living but not 
dead cells (Pauwels et aL, 1988). A higher absorbance is indicative of greater cell 
viability. 

Figure 1 shows the percent of blue formazan product remaining after treatment 
with glutamate, relative to control where no glutamate was added. Thus, it can be seen 
that with vehicle plus glutamate but no inhibitor, less than 70% of the mitochondrial 
activity remains. However, Figure 1 shows that several Calpain inhibitors, including 
leupeptin, CIl and representatives of the Heterocyclic Compounds, Peptide Keto- 
Compounds and Halo-Ketone Peptides protect N18-RE-105 cells against glutamate 
toodcity. The Pq)tide Keto«0)mpound Calpain inhibitor, Z-Ala-Ala-Abu-C02Et, the 
Substituted Heterocyclic Compounds, CTEPrOIC and ACmC, and the Halo-Ketone 
Peptide, TPCK completely blodced the toxic effects of glutamate, resulting in 100% or 
greater of the formazan product as seen with cells not treated with glutamate. Hius, 
Example 5 shows that these Ca^ain Inhibitors effectivefy blodc cell death in an mvjjtro 
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modd for neuropathology. According, this data further supports our discoveiy that 
Calpain Inhibitors are neuroprotective in vivo. 

6. Seduction of Maittioniqion MCA Ocdnsion 
Stroke is a significant health problem in the human population. Strokes are 
5 occlusions of cerebral arteries producing a decreased blood flow to brain regions^ which 
cause cell death through o^^gen and nutrient dq)rivation. Hiis type of lesion can be 
modeled in rats by surgical ocdusion of the middle cerebral arteiy (MCA). Several 
models for MCA ocdusion have been developed, and all give substantially similar 
results. 

10 MCA ocdusion produces a large volume of iniarcted brain tissue 24 hours after 

ocdusion. Previous studies have shown that the size of the infarct as judged fay TTC 
staining does not increase after the first 24 hours post-occhision. Thus, we used an 
-MCA-^ocdusion model in' order to test the ability of Ca^ain inhibitors to prevent 
neurodegeneration. This modd is described in Example 6. 

15 EXAMFLE6 

MCA Pc(^usipn Mpdd for Ngflro^gggpgwtipn 

Male Sprague-Dawl(^ albino rats weighing approodmatefy 2S0-300 grams were 
anesthetized with pentobarbital (70 mg/kg» ip.). The neck region was shaven and a 2 
cm incision was made. The superficial fascia was teased away with tissue forceps and 

20 blunt tip tissue scissors using a spread method. Ihe right common carotid artery was 
isolated away from the vagus nerve and tied off with a singfle suture (3.0 silk). The 
external carotid was permanently ocduded by suturing. TTie bifurcation of the internal 
carotid and pterygopalatine arteries was eaqposed and a sin^e microaneurysm dip was 
placed on the pterygopalatine. Another microaneuiysm dip was placed on the common 

25 carotid just prodmal to the external/internal bifurcation. A suture was placed loosdy 
around the common carotid and a lumen was made in the vessel with the tq) of a 25g 
needle. A 40 mm nylon suture was prqiared by melting the tip to smooth the pointed 
end and marked with a dot exzcQy 175 mm from the mdted end. The suture was 
ins^ed into the lumen of the arteiy as far as the vessd dq), the dip is removed and 

30 the suture advanced until the marking was at the bifurcation of the internal and 

external carotid arteries. This places the end of the suture in the cirde of just 
beyond the source of the middle cerebral artery and oodudes this artery. The loose 
suture around the carotid is tied lightfy to keep the nylon suture in place. The 
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microaneurysm dip on the pterygopalatine artery was removed, th incision is dosed 
and the animak are allowed to recover in heated recovery cages. 

Twenty-four hours after occlusion, the brains of these animals were removed 
and sliced into 2mm sections. The sections were stained using 2,3,5- 
5 triphenyltetrazoUum chloride (see Lundy, EF, Solik, BS, Frank, RS, Lacy, PS, Combs, 
DJ, Zelenodc, GB, and D'Alecy, LG, Morphometric evaluation of brain infarcts in rats 
and gerbils, /. Pharmacol MeOt 16,201-214, 1986). Absence of red color development 
indicated tissue damage or death. The sizes of the infarcted tissue zone (area with red 
stain) and impaired zone (area with partial development of red color) were evaluated 

10 using quantitative morphometry. 

Drugs or vehicle were administered by infusion into the femoral vein. AH 

animals received the same volume of drug or vehicle (20% dimethyl sulfoxide/80% 

propylene glycol) via a catheter attached to an Alzet osmotic min^ump (24 hr pump, 8 
ul/hr, 90 ul total volume). 

15 The modd of Example 6 was used to determine the size of infarcted area for 

control (vehide, Lv.) and with administration of eadi of two Calpain inhibitors: ZrLeu- 
Phe-CONH-Et (CX269) and Z-Leu-Abu-CXJNH-Et (CX275). Hiese results are 
dq)icted graphical^ in Figure 2. It can be seen that administration of dther of the 
Calpain inhibitors Z-Leu-Phe-CONH-Et (CX269) or Z.Leu-Abu-CONH-Et(CX275) 

^ produces a reduction in the size of the infarcted area. 

7. Inhibition of Anoxic and Hypoxic Damage 
The CAl region of hippocampus is a brain area particularly vulnerable to 
isdiemic damage and other insuhs invohdng exdtatory amino adds. The hippocampus 
is also a major focus of cdl degeneration in Alzheimer's disease. Neural cdls in slices 

25 degenerate following hypoxia through the same chain of events (induding reperfusion 
effects) observed in vivo during and after ischemia. We bdieve that studies of 
degeneration of neural slices in the presence of the various Calpain Inhibitors is an 
effective indicator of the membrane permeance of the Calpain Inhibitors. Accordingly, 
we believe that Aese studies provide a modd for the treatment and inhibition of 

30 neurodegenerationiaasa- Similar studies for determining the efficacy of compounds 
us^ in flie treatment of neurodegeneration in accordance with the preset invention 
can be performed using other models, such as protection against degeneration in 
platdets or cells in culture. 
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It is bdieved that hypoxia is a major cause of neurotooddty in a vaiie^ of 
neurodegenerative diseases and conditions, such as stroke and head injuiy. Thus, we 
conducted further studies using hq^pocampal slices to show that the various Calpain 
inhibitors, advantageously, can increase survival of hqipocampal nerve cells during 
S exposure to hypoxic or anonc conditions. An initial screening procedure was first used 
to qualitathrely detennine whether the various Ca^ain Inhibitor can provide 
neuroprotection from anoxia in hqipocampal slices. An example of these initial 
screening procedures is shown fay Rgaynple 7A. 

EXAMPLE 7A 

10 Initial Screen for Inhibition of Anoxie Dufnage 

H^)pocampal slices (400 urn) were prepared from Sprague Dawley rats (6 to 7 
weeks) and maintained in an interfoce chamber at 35^C using conventional techniques, 
tei-the lower soT&aie'oti^ a constant perfusion {03 mi/min) of ACSF, 

while the upper surface was exposed to a moist atmosphere of ©2:002 (95%:5%) 
15 exchanged at a rate of 2 L/min. The ACSF medium contains (in mM): Naa(124), 

m (3), KHPO4 (2^, CaOj (3.4), NaHCOj (26) and D-Glucose (10). Field excitatory 
post-synaptic responses were recorded from stratum radiatum of CAlb in response to 
stimuktionofSc^er-commissuralfibersinCAlaorC^ The depth of the 
recording dectrode was optimized and evoked responses were collected at a rate of 
20 one evoked response evety 30 seconds. 

For the initial screening procedure, 14 to 16 slices are harvested from the 
hippocampus of a sin^e rat and placed in a common ACSF bath. Each slice is tested 
in sequence to detranme the magnitude of its pre*anoxic evoked response. Five 
stimuhtion pulses (each 0.1 ms (millisecond) in duration) were presented over a IS 
25 second interval Tlie largest evoked response was noted and recorded for each slice. 

Following this, the slices wo-e incubated for one hour, with either drug or 
vehicle alone added to the ACSF. After the one hour drug incubation period, the 
oxygen-enriched atmosphere of the chamber was made anoxic fay substituting nitrogen 
for oxygen (N2 = 95%; CO^ » 5%). The dices were retained in this anoxic 
30 environment for 10 minutes, following which the ojgrgen-enriched atmosphere (O^ « 
95%; CO2 « 5%) was reestablished. 

Tlie slices were ghren the opportuni^ to recover for 30 minutes following 
reosQrgenation whereupon each was stimulated and the maximum evoked potential 
determined, as described above during the pre-anoxia period Those slices which, after 
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anoxia, produced a maximum evoked potential of greater fban 50% of tiiat observed 
prior to anoxia wer defined as surviving slices. 

Results of the studies of Erample 7A are shown in Figure 3. Figure 3 shows 
the effects of CX218 (Z-Leu-Abu-C02Et, a Peptide KetaO>mpound), and CLl relative 
5 to control slices on survival of h^jpocampal slices exposed to 10 minutes exposure of 
anoxic atmosphere. As seen in this figure, when the control slices are deprived of 
oxygen for 10 minutes in the absence of drug virtualty all fail to survive, as measured 
by their ability to elicit 50% of their pre-anoxia evoked response. In accordance with 
this finding few if any recover upon reQ:tygenation. Figure 3 also shows that when CIl 
10 or CX218 are added to the ACSF, the slices are protected from the effects of anoxia, 
evidenced by a substantial proportion of slices eliciting evoked potentials. 

Finalty, it can be seen that CX218 is signiCcantty more effective in protecting 
against anoxia and prevraiting degradation of slices at the minimal 1 hour incubation 
time, and at lower concentrations than CIl. This effect is believed to be due to the 
15 superior membrane permeance of the Peptide Keto-Compoimds. 

Table 7A shows further data from Ae studies of Example 7A. 



f 
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TABLE7A 

PERCENT OF SLICES SURVIVING TEN MINUTES ANOXU 
CPtnpoyffd DoseruM^ Incubation Time Surwval 



Control — Ihour <1% 

5 Leupeptin 1000 3 houra 50% 

CIl 200 2hours 53% 

CX13(SHq 20 Ihour 50% 

CX89 (CKP) 50 Ihour 50% 

aC218(FKC) 100 Ihour 70% 



10 Acanbe8eenfiromthedataiiiTahle2thata]Iof theCalpainlnhihitorstested 

provide increased survivaL CX13 (ACmc; a Substituted Heterocydic Compound 
(SHC)). CX89 (Bo&e]y.Leu-Phe-CH2a a Halo-Ketone Teptide (HKP)) and CX218 
^((2=Leu=Abu^2E^P^tide Keto^n4)dund (PK are each diown to be highly 
^ective in influencing survival times. Leapeptin is seen to be the least effective 
15 neuroprotective. Ilnis, we beUeve that CX13, CXB9 and CX218 (Z-Leu-Abu-C02Et) 
are more effective in influencing survival because of their monhrane permeabili^. 
According^, the results shown in TaUe 7A siqiport our beJieC that Calpain Inhihitora 
with membrane penneabilily are effective neuroprotectants. 

To further elucidate the abili^ of Calpain Inhibitora to provide neuroprotection 
20 to h^ocampal slices, and to provide a more quantitative indication of the membrane 
pomeafaility of these Ca^ain Inhibitors, we measured the dSiect of various Calpain 
Inhihitors on the evoked response on a sin^ neuronal slice before, during and after 
ancoda. Ihese studies are shown in Example 7B. 

EXAMPLE 7B 

25 Inhibition of Anoric Damagp. 

As in Example 7A, h^pocampal slices (400 ^m) were pr^ared from Sprague 
Dawlqr rats (6-7 wedcs) and maintained in an intofaoe chamber at 35*C using 
conventional techniques, ie. the lower surfiaoe of the slice received a constant perfusion 
(03 ml/min) of an artffldal oorebro^inal fluid (ACSF), while the upper surface was 

30 exposed to a moist atmos[diere of 02:C02 (95%:5%) exchanged at a rate of 2 L/min. 
The ACSF medium contains (in mM): NaQ (124), KQ (3), KHPO4 (125), MgS04 
(2.5), CaQj (3.4), NaHCOa (26) and D-Ghicose (10). Field exdtatoiy post-synaptic 
reqKmses wer recorded from stratum radiatum of CAlb in response to stimulation of 
Scfaaffer-commissural fibers in CAla rCAlc. The dq)th of the recording electrode 
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was optimized and evoked responses were collected at a rate of one evoked response 
eveiy 30 seconds. 

After establishing a stable baseline of evoked responses (approximately 10 
minutes), ACSF containing Calpain Inhibitor was washed into the chamber and slices 
5 were incubated for a period of one hour. After incubation, evoked responses were 
again recorded and the change in the amplitude of the responses from baseline levels 
was noted. No effect of the inhibitors tested on baseline evoked responses was 
observed. 

For anoxia experiments, incubation in the drug-containing medium was followed 
10 by replacement of the 0^:002 (95%:5%) atmosphere with N2:C02 (95%:5%). Slices 
were eoqjosed to this anoxic environment until disappearance of the pre-synaptic fiber 
volley and for two minutes (severe anoxia) longer (total time in anoxic environment 
approximately 7-8 minutes in control case). Effects of Calpain Inhibitors on the 
fimctional recovery of the slices after the anoxic episode were then measured. 
15 Recovery of the evoked potential (EPSP) slope and ampHtude by the drug treated 
slices can be compared to control slices to determine the relative efficacy of various 
Calpain Inhibitors. 

Figure 4 shows the EPSP amplitude in millivolts for control, CIl treated and 
CX218 (a Peptide Keto-Compound) treated h^pocampal slices in the studies of 

20 ExampleTB. It can be seen in Figure 4 that the control slices deprived of o^g^gen in 
the absence of drug display a gradual reduction of EPSP and abruptly lose fiber volley 
activity about 5-6 minutes after the beginning of anoxia. Reo^genation ?t or l?efore 
this point leads to complete fimctional recovery after about 20 minutes of 
reoxygenation, but reo3ygenation after this point does not In the latter case the 

25 recovered BPSP slope and amplitude become progressivefy reduced as the duration of 
anoxia post-fiber voUqr disappearance (post-FVD) increases. After severe anoxia (2 
minutes post-FVD), slices recover only 15% of the EPSP slope. 

In contrast to the control slices, recovery begins to occur shortty after the end of 
anoxia for the treated slices. Figure 4 shows a comparison of the effects on EPSP 

30 amplitude produced in the presence of no inhibitor; the Pq)tide Keto-Compound, 

CX218, (Z^Leu-Abu-CO^t) and CIL CX218 produces a recovery from severe anoxia 
superior to that seen with CIL 

F^ 5 shows the percent recovery f EPSP fr m severe hypoxia using the 
peptide ketoester CX 216 (ZrLeu.Phe^C02Et) and its corresponding peptide 
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ketoamide CX269 (Z-Lcu.Phe-CX)NH.Et). These studies were perfonned in a manner 
similar to that of Example 7B, except using a hypoadc environment in place of the 
anom of Example IB. It can be seen that use of the peptide ketoamide results in 
essential^ complete (near 100%) recoveiy from hypoxia while the peptide ketoester 
produces a partial recovery. The control dices eqperienced little or no recovery. 

An interesting cfaaractmstic that we have discovered for certain Ca^ain 
Inhibitors is their ability to lengthen the period of exposure to anoxia required to 
produce fiber volley disappearance (FVD). Typical^, under control anoxia conditions, 
fiber voAqr disappearance occurs in less than six ininutes (Figure 6). The Peptide 
Keto-Compound, CX-216, substantially lengthens the period of eiqposure to anoxia 
required to produce FVD. Tliis is an important advantage of the use of this Peptide 
Keto-Compound for neuroprotection because slices can be eqiected to recover 
"caompletetf "if Te^gc^^^ Hms, treatment with this 

Peptide Keto-Compound is eaqpected to produce a greater percentage of recovery of 
cells from incqiient neurodegenerative conditions. It is believed that other 
rq)resentatives of the Pq)tide Keto-Compounds as well as of oth^ dasses of Calpain 
Inhibitors also provide this effect 

Table 7B shows the perecentage of recovery of pre-anoxia synaptic transmission 
(evoked potential amplitude) of slices treated with various C^ain Inhibitors or of 
control slices. All of these slices w^e eq)osed to ten minutes of anoxia according to 
the protocol of Example 7B. 
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TABLETS 

PERCENT RECOVERY OF SYNAPHC TRANSMISSION AFTER ANOXIA 



Compound 


Concentration 


%Recoverv 


Control 




15 


dl 


200 


35 


CX13(SHC) 


20 


60 


CX89(CKP) 


50 


30 


CX216(PKC) 


100 


38 


CX218 (EKC) 


100 


55 



10 ihe results shcwm in TaHeTB provide furflier evidence that Uiepq»tide 

aldehyde, CIl, as well as the Substituted Hetoocydic Compounds, Fqitide Keto- 
Compounds and Halo-Ketone Pqitides are soffidoitfy membrane petmeant to provide 
neuroprotection through Ca^ain inhibition. 

CIl, -vibMi is at least partialfy memtaane pomeant, produces some effect, 

15 however, does not significant^ lengthen the period of anoxia required to suppress 

electrical activity. Hius, compared to control, or ev«i compared to leupeptin and CIl, 
the Substituted Heterocyclic Compounds, Peptide Keto-Compounds and^lo-Ketone 
Peptides can increase the degree of recovray after anoxic qjisodes vMs producing the 
additional advantage of extending the amount of time dices can tolerate anoxia (and 

20 thereby recovCT con^letety). 

An important effect of tiie Pq)tide Keto-Compounds and otho: membrane 
permeant Calpain Inhibitors is that they are significantfy more eftertive in lower doses 
than less permeable Calpain Inhibitors sudi as CIL Althou^ Ol is shown to be at 
least somewhat membrane permeant due to its ability to affect dice survival, the more 

25 membrane-permeant inhibitors provide significant^ increased protection. Thus, the 
more highfy membrane-permeant Calpain Inhibitors are believed to be espedaDy 
effective in treating and inhibiting neurodegeneration. 

The results of the studies of Examples 7A and 7B show tiiat the Substituted 
Heteroqrdic Compounds, Pq)tide Keto-Compounds and Halo-Ketone Fq)tides are 

30 membrane-permeant Calpain Inhibitors which are believed to be especially effective in 
treating and inhibiting neurodegoieration. ITie results also show that Peptide Keto- 
Compounds, and perhaps representatives of tijer dasses, can extend the duration of 
anoxia required t suppress dectrical activity in hippocampal slices. As discussed 
abov^ these effects are important advantages of these compounds. 
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8. In Vivo Neuroprotection by Calpain Inliibitors 
As discussed above, therapeutics useful for influencing the function of cells 
within the CNS must cross the BBB to readi their targets within the CNS. Non-BBB 
permeant compounds might, in addition to the brain infusion techniques described 
above, be administered via intraventricular administration, but this also severely limits 
their usefulness in practice. In order to test the jiLSiKa effectweness of the C^am 
Inhibitors to cross the BBB and become therapeutical^ useful, we tested the ability of 
intraperitoneal injection of the CaJ^ain Inhibitors to protect against excitotoodc damage 
in vivo. Protection was measured by evaluating changes in behavior of rats after 
injection with kainate. Ihese studies are shown in Example 8A. 

EXAMPLE 8A 

rrotection Against Behavioral Changes from Etdtotmi c Damage hv PerinheraMv 

Administered Cafaain Inhibitors 

Rats (male Sprague-Dawley, 200±5 gms) were injected intraperitoneally with 
12mg/kg kainic add in saline vehide and ether 200til DMSO (dimethylsulfoxide) or 
4.6mg calpain inhibitor dissolved in the same volume of DMSO. Ihe rats were 
observed for six hours following the injections and the kainate-induced behavioral 
symptoms and convulsions scored on a scale of 0-6 (O^no symptoms; l^wet dog 
shakes; 2ssaUvation and chewing, S^at least one convulsive q)isode; 4arepeated or 
sustained convulsions; 5"Convulsions, induding rearing and falling 6»convulsions 
followed by death within the 6 hrs post injecdon). 

Figure 7 shows the effects of dl on the behavioral and convulshre ^ects of 
kainic add. In the control group, over half the animals showed symptoms greater than 
mild behavioral symptoms, and mai^ odiibited overt convulsions, presumabty reflecting 
seizure activity within the brain. Uneq>ectedty, in the inhibitor treated group, the 
inddenoe and severity of convulsions was reduced. Hius, this data suggests that 
Ca^ain Inhibitors have an anti-convulsive effect This effect is a distinct advantage in 
the use of Calpain Inhibitors in ^ilq)sy-related neurodegenerative conditions and in 
stroke, which is c&en accompanied by seizures. 

In order to more dearfy demonstrate that the behavioral and anti-convulsive 
effects seen with the Calpain Inhibitors result from inhibition of Calpain we tested the 
brain tissues of the rats from Example 8A for accumulation of spectrin BDF's. As 
discussed above, these BDFs are associated with Calpain activity and with the 
neurodegeneration associated therewith. 
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EXAMFLE8B 

Protection A minst Spectrin Breakdown from Excitotoric 
Damage bv Peripherally Administered Calpain Inhibitors 
Four days following the injection of kainate in the rats from Eicample 6A, the 
S farains of the rats were removed and assayed for spectrin BDF's. Spectrin BDF's were 
assayed hy homogenizing brain parts in 2QmM Tris pH^?^ 32M sucrose^ 50|iM Ac- 
Leu-Leu-nLeu-H on ice. Homogenates were mixed 1:1 with 10% SDS» 5% 
B-mercaptoethanol, 10% glycerol, IQmM Tris pH-8.0, 0.5% bromophenolhhie, heated 
to 95^ Q and subjected to electrophoresis in 4-1/2% pofyaoylamide gels. The proteins 
10 in the gels were transferred to nitrocelhdose and the spectihi and BDFs detected using 
a rabbit polyclonal anti-spectrin antibod|y and estaUished immunodetection methods. 
The amount of spectrin and BDF's in each sample was quantitated fay densitometric 
scanning of the developed nitroceUulos& 

Figure 8 shows the results of Example 8B. B can be seen that kainate 
15 stimulated the breakdown of spectrin in both Calpain Inhibitor treated and control rats. 
However, treated rats exhibited significant^ less BDF's. These results verify that 
Ca^ain activity in the brains of the treated rats was reduced Anunexpected 
observation was that even those treated animals that eadiibited severe seizures had 
significant^ less spectrin breakdown than untreated animals subjected to kainate. Hius 
20 Calpain Inhibitor treatment reduced both the bdiavioral/convulsive effects of kainate 
and the activation of calpain in the most severely affected animals. 
9. Conclusion 

All of the foregoing studies support our discovery that Calpain Inhibitors 
provide in vivo protection against neurodegen^tbn associated with anoxia, 

25 excitotoxidtir and other causes. Ihus, these Calpain inhibitors possess neuroprotective 
activity against a variety of in vivo neurodegenerative diseases and conditions, including 
excitotoxicity, HIV-induced neuropathy, ischemia following denervation or injuiy, 
subarachnoid hemorrhage, stroke, mult^le infiuction dementia, Alzheimer's Disease 
(AD), Huntington's Disease, Parkinson's Disease, surgeiy-rdated brain damage and 

30 other pathological conditions. 

Those Calpain Inhibitors which possess significant Calpain Lihibitoiy activity Jn 
vitro and also meet at least one of the foregoing or different tests for membrane 
penneability are excellent candidates for treatment of neurodegeneration. 
G. DRUG DELIVERY 
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The ability of the various Calpain Inhibitors to penetrate plasma membranes is 
a significant advantage of these compounds from a pharmaceutical perfective. We 
believe that this abili^, advantageous^^ allows the Ca^ain Inhibitors to provide 
excellent permeation of the Uood-farain barrier. TUs is in contrast to many 
5 pharmaceuticals, espedalfy peptides, which often ediibit poor permeation of the bbod- 
brain barrier. Urns, we believe that the Calpain Inhibitors will exhibit excellent results 
as pharmaceutical^ neuroprotective agents. 

For treatment of neurodegeneration, the Calpain Inhibitors can be administered 
orally, topically or parenteral^. Ihe term "^arenteraT as used herein Includes all non- 
10 oral delivery techniques including transdermal administration, subcutaneous injection, 
intravenous, intramuscular or intrastemal injection, intrathecal injection (directly into 
the CNS) or infusion techniques. 

The dosage dep^sprimari^ o]nhe"4)eafic formulation and on the object of 
the therapy or prophylaxis. The amount of the individual doses as well as the 
15 administration is best determined by individual^ assessing the particular case. 

However, in preferred compositions, the dosages of Calpain Inhibitors per day are 
preferably in the range of 1 |ig/kg total body mass to 100 mg/kg total body mass, more 
preferably in the range of 10 |ig/kg total body mass to 10 mg/kg total body mass. 

The pharmaceutical con^ositions containing the active ingredient may be in a 
20 form suitable for oral use, for example as tablets, troches, lozenges, aqueous or oil^ 

suspensions, dispersible powders or granules, emulsions, hard or soft capsules or syrups 
or elixirs. The amount of acdve ingredient that may be combined with carrier 
materials to produce a single dosage form will vary depending upon the host treated 
and the particular mode of administration. However, typically, a single dose will 
25 contain sufficient Calpain Inhibitor to provide a complete day's dosage in a single orally 
acceptable form. 

For injection, the therapeutic amount of the Ca^ain Inhibitors or their 
pharmaceutical! ^ acceptable salts will normally be made by subcutaneous injection, 
intravenous, intramuscular or intrastmial injection, or by intrathecal injection (directly 
30 into the brain). In order to provide a single day's dose with a single injection, the 
pharmaceutical compositions for parenteral administration will contain, in a single 
dosage form, from about 70 |ig to about 7 g of Calpain Inhibitor per dose of from 
about 05 ml to about 1 liter f carrier solutioiL In addition t the active ingredient, 
these pharmaceutical compositions will usualfy contain a buffer, e.g. a phosphate buffer 
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that keeps the pH in the range from 35 to 7 and also sodium chloride, and can also 
contain mannitol or sorbitol for adjusting the isotonic pressure. Li a preferred form of 
these compositions, DMSO or other organic solvit is added in order to assist the 
introduction of the Calpain Lihibitor a^oss membranes. ^ 
5 Additionally, lq)ids can be introduced into the pharmaceutical compositions in 

order to facilitate entry of the Ca^ain inhibitor compounds into tissue of the CNS. 
These compositions are prepared in accordance with methods known to those of skill in 
the art Briefly, a lipid such as, phosphatidyl choline, cholesterol, other well-known 
]ipid carrier or mixtures thereof is mixed with the actiire compound along wMi a 

10 sohrent, the solvent is dried o£E and the material reconstituted in saline. The 

compositions can also indude other ingredients known to those of ordinary skill in the 
art, such as detergents, surfactants or emulsifying agents. 

A composition for topical application or infusion can be formulated as an 
aqueous solution, lotion, jelly or an oHy sohition or suspension. A composition in the 

15 form of an aqueous solution is obtained fay dissolving the Calpain Inhibitor in aqueous 
buff^ solution of pH 4 to 65 and, if desired, adding a polymeric binder. An oSy 
formulation for topical application is obtained by suspending the Calpain Inhibitor in 
an oil, optional^ with the addition of a swelling agent such as aluminium stearate 
and/or a surfactant The addition of DMSO to these top^ compositions is believed 

20 to allow at least partial penetration of the active Calpain Inhibitor into the Uood 
stream after application of the composition to the skin of a patient to allow for 
transdermal administration. 

For treatment of neurodegeneration resulting from excitotoxicity, HIV-induced 
neuropathy, ischemia following denervation or injury, subarachnoid hemorrhage, stroke, 

25 multiple infarction dementia, Aladieimer's Disease (AD), Huntington's Disease, surgery- 
related brain damage, Parkinson's Disease, and other pathological conditions, the 
Calpain Inhibitors or pharmaceutical!^ acceptable salts thereof may be administ^ed 
orally or parenterally. The dosage depends primarity on the specific formulation and 
on the object of the therapy or prophylaxis. The amount of the indhddual doses as wdl $ 

30 as the administration is best determined fay indhdduaify assessing the particular case. 

Li many acute neurodegeneratbe conditions and events, such as stroke and * 
head injury, it is important to deliver the Calpain Inhibitor as soon aft^ injury as is 
practicable. Tlius, it is preferable to identify those individuals who have suffered 
stroke, head injury or other injury in wfakh neurodegeneration is associated or is likely 
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to occur, and to begin administration of a Calapin Inhibitor within 1 minute to 2 hours 
after the event, in order to prevent as much neurodegeneration as possible. 

A particular application of the Calpain Inhibitors within the scope of the 
present invention is the application of these compounds during surgery to prevent 
5 neurodegeneration associated therewith. For example, for surgeries performed under 
general anesthesia, hypoxic conditions can occur through inadequate perfusion of the 
CNS while under anesthesia. Additional^, many major surgeries of the cardiovascular 
system require that a patient's heart be stopped and that perfusion be maintained 
through artificial means. In such surgeries, there is an increased danger of h3poxia 

10 occurring within the CNS, which can also result in neurodegeneration. Moreover, 
during neurosurgeries, there is an inherent risk of neurodegeneration resulting from 
inflammation, bleeding, hemorrhaging and the like. Such neurodegeneration can be 
- inhibited-by-infiision with a sdution-containing Ga^^^^ However, 
neurodegeneration resulting from neurosurgery can also be reduced prophylacticalfy by 

15 administration of a Calpain Inhibitor througjh any of the foregoing administration 
techniques. Such administration is also believed to inhibit or prevent 
neurodegeneration associated with the use of anesthesia or with the use of artifical 
means of perfusion during major surgeries. A surgical patient can also have Calpain 
Inhibitor administered throu^out surgeiy through intravenous dnp, 

20 The following examples are intended to illustrate certain neuroprotective uses of 

the Calpain Inhibitors within the scope of the present invention. As such, th^ are not 
meant to limit the invention in any way. 

EXAMPLE9 

A Neuroprotecthre Cdmoosition for Intravenous Injection 
25 500 |ig CH3CONH.CfIPrOIC from Example SHC2 
4 ml Propylene Glycol 

1 ml DMSO 

EXAMPLE 10 

A Neuroprotective Composition for Intravenous Drip 
30 250 mg Z-Leu-Phe-CONH-Et from Example PKC 47 
1000 ml Pho^hate Buffered Saline 6.0) 
10 ml DMSO 
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EXAMFLEU 

A Neuroprotective Composirion for Transdermal Application 
25 mg Z-Leu-DI/-Abu-COOEt from Example FKC19 

3 ml Phosphate Buffered Saline (pH 6.0) 

5 2ml DMSO 

EXAMPLE 12 

Neuroprotect ion after Head Liiurv 
A first group of patients who are victims of head trauma is given 2 ml of the 
injectable composition of Exano^le 9 intravenous^ within ten minutes of the time of 
10 injury. A second group of similar^ matched patients does not receive the composition. 
The first group of patients exhibits marked^ fewer and less severe outward symptoms 
of neurodegeneration, such as donentia, m^oiy loss and parafysis. 

Neuroprotection During Surgery 

15 A patient about to undergo a trq)le bypass heart surgery is administered 500 ml 

of the composition of Example 10 per hour using an intravenous drip system. During 
surgery, the patient's heart is stopped and perfusion continued through artificial means. 
Although complications develop while restarting the heart and dlscoimecting the patient 
from the artificial means of perfusion, the patient becomes conscious within several 

20 hours of surgery. Within a few days, the patient's mental status is normal with no 
indications of neurodegeneration. 

It wiU be appreciated that certain variations may suggest themsdves to those 
skilled in the art The foregoing detailed descr5)tion is to be deari^ understood as 
given by way of illustration, the spirit and scope of this invention being interpreted 

25 through reference to the appended claims. 
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WHATTSCLATMFnTS> 

1. Use of a Calpain inhibitor compound or a phannaceuticalfy acceptable 
salt or derivative thereof for the manufacture of a medicammt for inhibiting or treating 
neurodegeneration in a mammal having or likefy to experience a neuropathology 

5 associated with neurodegeneration. 

2. The use of Claim 1, wherein the neurodegeneration is occurring due to 
excitotoxicity, HlV-induced neuropathy, ischemia, denervation following ischemia or 
injuiy, subarachnoid hemorrhage, stroke, muIt^)le infarction dementia, Alzheimer's 
Disease, Huntington's Disease, or Parkinson's Disease. 

10 3. Hie use of Claim 1, wherein the medicament comprises a 

pharmaceutical^ acceptable carrier and is for parenteral administration. 

4. The use of Claim 1, wherein the medicament is in a form suitable for 
oralKsel 

5. The use of Claim 3, wherein the medicament is for transdermal 
15 administration, subcutaneous injection, intravenous, intramuscular or intrastemal 

injection, intrathecal injection directly into the CNS or infusion. 

6. The use of Claim 1, whorein the medicament is for substantially 
preventing neurodegen^ation in a patient undergoing surgery during and subsequent to 
the surgeiy. 

20 7. The use of Claim 6, wherein the medicament is for a patient undergoing 

neurosurgery, cardiovascular surgery or a surgery using general anesthesia. 

8. The use of Claim 1, wh^ein said Calpain inhibitor compound enters 
tissue of the CNS of the mammal 

( 9. The use of Claim 8, wherein said Calpain inhibitor compound is 
25 membrane-permeant. 

10. An in vitro method of selecting Calpain Inhibitors for use as Calpain 
Inhibitor protectants in the in vivo treatment or inhibition of neurodegeneration, 
comprising: 

identifying compounds having Calpain inhibitory activity in vitro; and 
30 identifying those compounds with Calpain inhibitory activity that are 

membrane permeant through an in vitro assay for membrane permeance. 

11. The method of Claim 10, wherein the in vitro assay f r membrane 
permeance comprises: 

providing a plurality f tissue portions from a mammal; 



SUBSTITUTE SHEET 



wo 92/11850 



PCTAJS91/09786 



416- 

treating at least one^ but not all, of the tissue portions with a Calpain 
Lihibrtor; 

subjecting the tissue portions to an event that can cause degeneration in 
untreated tissue; and 

5 measuring the amount of degeneration that occurs in the tissue portions; 

and 

comparing the amount of degeneration that occurs in the treated tissue 
portions with the amount of degeneration occurring in the untreated tissue 
portions^ 

10 wherein an amount of degmeration in the treated tissue portions less than the 

amount of degeneration in the untreated tissue portions indicates that the Ca^ain 

Inhibitor is membrane-permeant 

12. The method of CSaim 11, wherein the tissue portions comprise braia 

slices, platelets or cells in culture. 
15 13. The method of Claim 11, wh^ein the measuring step comprises 

analyzing the tissue portions for the presence of ihe BDP's of a cytoskeietal 

conqionenL 

14. The method of Qaim 13, wh^em the cytoskdetal component is spectrin, 

MAF2, actin binding protein or tau. 
20 15. The method of Claim 11, wh^ein the measuring st^ comprises 

measuring the electrical activity of the tissue portions. 

16. The method of Claim 11, wherein the in vitro assay for membrane 

permeance comprises measuring the ability of the Ca^ain Inhibitor to penetrate 

platelet membranes and inhibit endogenous Calpain of the platelets. 
25 17. Use of a Substituted Heterocyclic Compound or a pharmaceutically 

acceptable salt or derivative thereof for the manu&cture of a medicament for inhibiting 

or treating neurodegeneration in a mammal having or likefy to experience a 

neuropathology associated with neurodegeneration. 

18. The use of rifli'Tn 17, wherein the medicammt is for inhibiting or 
30 treating neurodegeneration of the CNS. 

19. The use of Claim 17, wherein said Substituted Heterocyclic Compound 
comprises a member of the Class I Substituted Isocoumarins. 

20. Th use of Claim 17, wherein said Substituted Heterocyclic Compound 
comprises a member of the Class II Substituted Isocoumarins. 
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21. The use of Claim 17, wherein said Substituted Heterocydic Compound 
comprises a member of the Class HI Heterocyclic Compounds. 

22. The use of Claim 17, wherein said Substituted Heterocydic Compound 
is 3-chioroi50coumaiin; a 3,4-dicfaloroisocoumarin; a 3-alkoKy-7-amino-4- 

S chloroisocoumarin; or a 7-substituted 3-alko3iy-4-diloroisocoumarin. 

23. The use of Qaim 17, wh^ein said Substituted Heterocyclic Compound 
is CflPrOIQ NH2-CfrPrOIQ PhGH^CONH-OTPrOIC, CHjCONH-CiTPtOIQ Lr 
Phe-NH-QTPrOIC; PhCHjNHOONH-CfTEtOIQ PhCHjCONH-CflEtOIC; or D-Phe- 
NH-CflEtOIC 

10 24. Useof a Pq)tideKeto-Compound having Ca^ain inhibitory activity or a 

pharmaceutical^ acceptable salt or derivative thereof for the manufacture of a 
medicament for inhibiting or treating neurodegeneration in a mammal having or likely 
to exptnence a neuropathology associated with neurodegeneration. 

25. Hie use of Claim 24, wherein the medicament is for inhibiting or 
15 treating neurodegeneration of the CNS. 

26. The use of Claim 24, wherein said Peptide Keto-Compound comprises a 
peptide a-ketoester. 

27. Hie use of Claim 24, wherein said Peptide Keto-Compound comprises a 
pq)tide a-ketoacid. 

20 28. The use of Claim 24, wherein said Pqptide Keto-Compound comprises a 

peptide a-ketoamide. 

29. The use of Claim 24, wherein said Pqjtide Keto-Compound comprises a 
compound that is a member of one of the following subclasses: Dq>eptide a-Ketoesters 
(Subdass A), Dq)q)tide a-Ketoesters (Subclass B), Tnpeptide a-Ketoesters (Subclass 

25 A), TrQ>eptide a-Ketoesters (Subdass B), Tetrapq)tide a-Ketoestm, Amino Add 
Peptide a-Ketoesters, D^>q)tide a-Ketoadds (Subdass A), DJpeptide a-Ketoadds 
(Subdass B), I^q>tide a-Ketoadds, Tetrapq)tide a-Ketoadds and Amino Add 
Pq)tide a-Ketoadds, D^pqptide a-Ketoamides (Subdass A), D^q>tide a-Ketoamides 
(Subdass B), Td|)q)tide a-Ketoamides, Tetrapqptide a-Ketoamides or Amino Add 

30 a-Ketoamides. 

30. Use of a Halo-Ketone Veptide having Calpain inhibitory activlQr or a 
pharmaceutical^ accq}table salt or derivative thereof for the manufacture of a 
medicament for inhibiting or treating neurodegeneration in a mammal having or likdy 
to experience a neuropathology associated with neurodegeneration. 
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31. Hie use of Claim 30, wherein the medicammt is for inhibiting or 
treating neurodegeneration of the CNS. 

32. The use of Claim 30| wherein said Halo-Ketone Peptide comprises an 
amino-halo ketone peptide. 

33. The use of Claim 30, wherein said Halo-Ketone Peptide comprises a 
diazo-ketone peptide. 

34. The use of any one of Claims 17 through 33 wherein the 
neurodegeneration is associated with wdtotOBdty, HTV-induced neuropathy, ischemia, 
subarachnoid hemorrhage, strote, brain seizure, major heart attad^ multiple infEurction 
draientia, Alzheimer's Disease, Huntington's Disease or Parkinson's Disease. 

35. The use of any one of Claims 17 trough 33 wherein the medicament 
comprises a pharmaceuticalfy aoc^table carrier, and is for parmteral administration. 

36. The method of any one of Claims 17 through 33 wherein the 
medicament is in a form suitable for oral use. 

37. The use of Oairn 35, wherein the acfaninistration comprises transdermal 
administration, subcutaneous injection, intravenous, intramuscular or intrastemal 
injection, intrathecal injection direcdy into the CNS or an infusion technique. 

38. The use of any one of Claims 1 durough 9 or 17 through 37, wherein the 
neurodegeneration is occurring from ischemia-inducing events, stroke, head injury, 
major heart attach brain sebcare, near drowning, carbon monoxide poisoning surgery- 
related brain damage or another ev»t known to cause neurodegeneration. 

39. A method of mininiizing proteolysis in an in vitro sample containing 
peptides or proteins during or following the processing production, preparation, 
isolation, purification, storage or transport of the samples, con^>rising the addition to 
the sample of a Sutetituted Het^ocydic Compound or a Pqptide Keto-Compound that 
is a member of one of the following subclasses: Dqieptide a-Ketoesters (Subclass A), 
Dipeptide a-Ketoesters (Subdass B), Tripeptide ix-Ketoesters (Subdass A), Tripeptide 
a-Ketoesters (Subdass B), Tetrapeptide a-Ketoesters, Amino Add Peptide 
a-Ketoesters, Dipeptide a-Ketoadds (Subdass A), D^eptide a-Ketoadds (Subdass B), 
Tr^eptide a-Ketoadds, Tetrapeptide a-Ketoadds, Amino Add Peptide a-Ketoacids, 
Dipeptide a-Ketoamides (Subdass A), Dipeptide a-Ketoamides (Subdass B), 
Tr^eptide a-Ketoamides, Tetrapeptide a-Ketoamides or Amino Add a-Ketoamides. 

40. A method of minimizing degradation resultmg from Calpain actxvi^ in a 
tissue sample during or following preparation of the sample, comprising the addition to 
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the sample of a Substituted Heterocyclic Compound, Peptide Keto-Compound or a 
Halo-Ketone Peptide. 

41. The method of Claim 40, wherein the sample is a whole organ and the 
addition of confound comprises perfiision of the oigan with the compound dissolved in 
fluid. 

42. Ihe method of Claim 40, wherein, following the addition step, said 
tissue sample is used in an assay for neurodegeneration wherein the assay comprises a 
test for the products of Calpain activity in the tissue samples. 

43. Ihe method of either Claim 39 or 40, wherein the addition of compound 
comprises addition of a Peptide a-Ketoadd to the sample. 

44. The method of Claim 43, wherein said Peptide a-Ketoadd comprises a 
compound that is a memb^ of one of the following subclasses: Dipeptide a-Ketoadds 

" -(Subclass-A)rDipq)tide~a=Ketoadds"(^^ 

Tetrapeptide a-Ketoadds or Amino Add Peptide a-Ketoadds. 

45. A pharmaceutical composition for the treatment or inhibition of 
neurodegeneration comprising a pharmacobgicalfy effective neuroprotective amount of 
a Substituted Heterocydic Compound or a pharmaceutical^ acceptable salt or 
derivative thereof in a phannaceuticalty aocq)table formulation containing a carrier 
materiaL 

46. A phamiAceutical composition for the treatment or inhibition of 
neurodegeneration comprising a pharmacologically effective neuroprotective amount of 
a Halo-Ketone Peptide or a pharmaceutical^ accq)table salt or derivative thereof in a 
phannaceuticalfy aocq)table formulation containing a carrier materiaL 

47. A pharmaceutical composition for the treatmoit or inhibition of 
neurodegeneration comprising a pharmaoologicalty effective neurciprotective amount of 
a Pq)tide Keto-Compound, wherein said Peptide Keto-Compound comprises a 
compound from one of the following subclasses: Dipq)tide a-Ketoesters (Subdass A), 
Dipq)tide a-Ketoesters (Subdass B), Tripeptide a-Ketoesters (Subdass A), Tripeptide 
a-Ketoesters (Subdass B), Tetrapeptide a-Ketoesters, or Amino Add Peptide 
a-Ketoesters. 

48. The composition of daun 47, wherein said Peptide Keto-Compound 
comprises one of the following compounds: Bz-DL-Ala-COOCH2-C5H4-CF3 (para)» 
Bz-DL-Lys-COOEt, PhCO-Abu-CCX>Et, (CH3)2CH(CH2)2CO-Abu-COOEt, 
CH3CH2CH)2CHOO.Abu-COOEt or Ph(CH2)5CO-Abu-COOEt 
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49. Ihe composition of daiin 47, wherein said Peptide Eeto-Con^ound 
compiises one of the following compounds: 2^AIa-DLrAIa-OOOEt, 
Z-AIa-DI^Ala-CCX>BzI» Z-Ala-DL-A]a-CX)QnBu, 2:-Leu*Nva-COOEt, 
Z-Leu-Mle-CCXDEt, Z-Leu-Fhe-OOOEt, Z-Leu-Abu-COOEt, Z-Leu-Met-COOEt, 

5 Z-Leu-Phe^COOEt, Z-Leu-4-a-Fhe-COOEt, 2-NapS02*Leu-Abu-CXX>Et» 

Z-Leu-NLeu-C02Et, Z-Leu-Phe-C02Bi]» iS-Leu-Abu-OO^u, Z-Leu-Phe-C02BzI, 
MeO-^uc-AIa^DL-AIa-COOMe, or Z-Leu-AbQ-CX>2BzL 

50. The composition of Oaim 47, wfawein said Peptide Keto-Compound 
comprises one of the following compounds: Z-Ala-AIa-DLpAla-COOEt, 

10 Z-Ala-Pro-DL-AIa-CX>OEt, ZAia-AIa-DL-Abu-COOEt, Z-Ala-Ala-DL-Abu-COOBzl, 
ZrAk-AIa*DL-Abu-CX)OCH2-C5H4-CF3 ^ara), H-Leu*Ala-DI^Lys-CX>OEt, 
Z-Leu-Leu-Abu-COOEt, Z-Leu-Leu*Phe*CX>OEt, MeO-Suc-Val-Pro-DL-Phe-COOMe 
or 2pNapSd23^u-I^u-Abu-Cd^ ~' 

51. The composition of Oaim 47, wherein said P^tide Keto-Compound 
15 comprises MeO-Suo-Ala-A]a-Pro-DL*Abu-COOMe or Z-Ala-AIa-AIa-DLnAla-COOEt 

52. A pharmaceutical composition for the treatment or inhibition of 
neurodegeneration comprising a pharmacological^ effective neuroprotective amount of 
a Peptide Keto-Compound, wherein said Pq^tide Keto-Compound comprises a 
compound from one of the following subclasses: D^eptide a-Ketoadds (Subdass A), 

20 Dipeptide a-Ketoadds (Subdass B), Trq)q>tide a-Ketoadds, Tetrapeptide arKetoadds 
or the Amino Add Peptide a-Ketoadds. 

53. The composition of Claim 52, herein said Peptide Keto-Compound 
comprises one of the following compounds: Bz-DL-Lys-COOH, Bz-DIrAla-COOH, 
Z-Leu-Phe-COOH or ZrLett-Abu-CCX)EL 

25 54. A pharmaceutical composition for the treatment or inhibition of 

neurodegeneration comprising a phannacologicalty effective neuroprotective amount of 
a Peptide Keto-Compound, wherein said Peptide Keto-Compound comprises a 
compound from one of the following subclasses: D^eptide a-Ketoamides (Subdass A), 
Dipeptide a-Ketoamides (Subdass B), Trq>q)tide a-Ketoamides, Tetrapeptide 

30 a-Ketoamides or Amino Acid a-Ketoamides. 

55. The composition of Claim 54, wherein said Peptide Keto-Compound 
comprises one of the following compounds: Z-Leu-Phe-CONH-Et, Z-Leu-Phe-CONH- 
nPr, Z-Leu-Phe-CONH-nBu, Z-Leu-Phe-CONH-iBu, Z-Leu-Phe-CONH-Bzl, Z-Leu- 
Phe-CONH-(CH2)2PIi, Z-Leu-Abu-CONH-Et, Z-Leu-Abu-CONH-nPr, Z-Leu-Abu- 
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CONH-nBu, Z-Leu-Abu-CXJNH-iBu, 2>^Leu-Abu.00NH.Bzl, Z-Leu-Abu-CONH- 
(CH^iVh, Z-Leu.Abu-CONH-(C^N(Ca3^CH2)20, Z.Leu-Abu-CX)NH.(CH2)7CH3, 
Z-Leu-Abu^XiNH-CayjOH, Z-Leu.Abu<X)NH-(C^O(CH2)20H. Z-Leu-Abu. 
CONH<CH2)i7CH3, Z.Leu.Abu.CX)NH.CEj-CfiI^(OCH3)2 *>' Z-Leu-Abu-CONH- 

56. Iliecompositifm of Oaim 45, wherein said Substituted He^ 
Compound comprises a membtt of the C3ass I Substituted Isocoumarins, Class n 
Substituted Isocoumarins or Class HI Heterocyclic Compounds. 

57. The compositirai of Claim 56, Korean said Substituted Heterocyclic 

0 Compound is 3<hloroisocoumarin, a 3,4-dichloroi8ocouniarin, a 3.alkoxy-7.amino.4- 
diloroisocoumarin, a 7-substituted S-alko^^Kiloroisocoumaiin; CSIPrOIQ NHj- 
QTPrOIC, PhCHaNHCONH-aiPrOIC, a^CONH-OTPrOIQ L-Phe-NH-OTPrOIC, 

^^J^eoim-mmQiQ-m::^comi^aTEioi^^ 

58. The composition of anjr one of Claims 45 Orou^ 57, whaein die 

5 composition is in dosage form comprising from 70 |ig to 7 g of acthw ingredient in each 
dose. 

59. Thecompositionofaigr one of Claims 45 through 57, wherein said 
carrier material comprises a liquid, wherein the composition is in dosage form and 
wherein each dose comprises fipom 0 J ml to 1 liter of said carrier material 

1 60. Ibecompositionof any one of Claims 45 Oroui^ 57, additionally 
comprising at least one of the lollowbg: DMSO or other organic sohrent, a lq)id 
carrier, a detergmt, a suifictant or an emulsifying a^t 

61. Thecompositionof any one of Claims 45 throufl^ 57, wherein the 
conqrasition is suitable for parateral administration. 

62. The composition of any one of Claims 45 through 57, wha«in said 
composition is in a form suitable for topical application. 

63. The composition of any one of Claims 45 through 57, wherein said 
composition comprises an aqueous sohition, a lotion, a jelly, an oify solution, or an oily 
suq>ension. 

64. Use of a Substituted Heterocyclic Compound as a medicament 

65. Use of a Halo-Ketone Veptidt as a medicament. 

66. Use of a Peptide Ifoto-Conq>ound as a medicament, wherein said 
Peptide Keto-Coropound is a compound from one of the frdlowing subclasses: 
Dipqjtide a-Ketoesters (Subclass A), Dqjeptide a-Keto6Sters (Subclass B), Tripeptide 
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o-Ketoesters (Subclass A), Ti^q>tide a-Ketoesteiis (Subdass B), Tetrapeptide 
a-Ketoest«:s, or Amino Add Peptide a-Ket estos. 

67. The use of Claim 66, wherein said Peptide Keto-Compound comprises 
one of the following compounds: Bz-DL-Ala-COOEt, Bz-DL-Ala-COOCm-C^^-CFg 

5 (para), Bz-DL-Lys-CX)OEt, PhCO-Abu-COOEt, (CH3)2CH(CH2)2CO-Abu-COOEt, 
CH3CH2CH)2CHCO.Abu-COOEt or Ph(CH2)6CO-Abu-COOEt 

68. The use of Caaim 66, wherein said Peptide Keto-Compound comprises 
one of the following compounds: Z-AIa-DL-Ala-COOEt, Z-Ala-DL-Ala-COOBzl, 
Z-Ala-D]>Ala-COOnBu, Z-Leu-Nva-COOEt, Z-Leu-Nle-COOEt, Z-Leu-Phe-COOEt, 

10 Z-Leu-Abu-COOEt, Z-Leu-Met-COOEt, Z-Leu-Phe-COOEt, Z-Leu-4-a-Phe-COOEt, 
2.NapS02-Leu-Abu-COOEt, Z-Leu-NLeu-COjEt, Z-Leu-Phe-COjBu, 
Z-Leu-Abu-COjBu, Z-Leu-Phe-CO^Bd, MeQ«uo-Ala-DL-Ala-COOMe, or 
Z-Leu-Abu-CO^zL 

69. The use of Claim 66, wherein said Peptide Keto-Compound comprises 
15 one of the following compounds: Z-Ala-Ala-DL-Ala-COOEt, 

Z-Ala-Pro-DD-Ala-COOEt, Z-Ala-Ala-DL-Abu-COOEt, Z-Ala-Ala-DL-Abu-COOBzl, 
Z-Ala.Ala-DI/-Abu-COOCH2-C5H4-CF3 (para), H-Leu-Ala-DL-Lys-COOEt, 
Z-Leu-Leu-Abu-COOEt, Z-Leu-Leu-Phe-COOEt, MeO-Suc-Val-Pro-DL-Phe-COOMe 
or 2-NapS02-Leu-Leu-Abu-COOEt 
20 70. The use of Claim 66, wherein said Pq>tide Keto-Compound comprises a 

Tetrapeptide a-Ketoester. 

71. The use of Claim 66, wherein said Peptide Keto-Compound comprises 
MeO-Suo-Ala-AIa-Pro-DL-Abu-COOMe or Z-Ala-Ala-Ala-DL-AIa-CCX)Et 

72. Use of a Pq)tide Keto-Compound as a medicament, v^erein said 
25 Peptide Keto-Compound is a compound from one of the following subclasses: 

Di5)eptide o-Ketoadds (Subclass A), D^eptide o-Ketoadds (Subclass B), Tripeptide 
«-Ketoacids, Tetrapeptide «-Ketoadds or Amino Add Peptide o-Ketoadds. 

73. The use of Claim 72, wherein said Peptide Keto-Compound comprises 
one of the foUowing compounds: Bz-DLrLys-COOH. Bz-DL-AIa-COOH, Z-Leu-Phe- 

30 COOH or Z-Leu-Abu-COOH. 

74. Use of a Peptide Keto-Compound as a medicament, wherein said 
Pq)tide Keto-Compound is a compound from one of the following subdasses: 
Dipeptid o-Ket amides (Subdass A), Dq>€ptide «-Ketoamides (Subdass B), 
Trqieptide a-Ketoamides, Tetrapqitide a-Ketoamides or Amino Add a-Ketoamides. 
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75. The use of Ciaiin 74, whnein said Pqitide Keto-Conpound comprises 
one of the following conqiounds: Z-Leu-Phe-CX)l^-Et, Z-Leu-Fhe-CONH-nPr, 
Z-Lcu-Phe-CONH-nBu, Z-Leu-Phe-CONH-iBu, Z-Leu-Phe-OONH-BzI, Z-Leu-Phe- 
CONH-(Cai2)2Ph, Z-Leu-Abu-CONH-Et, Z-Leu-Abu-CONH-nPr, Z-Leu-Abu-CONH- 
5 nBu. Z-Leu-Abu-CONH-iBu, Z-Leu-Abu-CONH-BzI, Z.Leu.Abu-CONH-(CH2)2ph, 
Z-LeurAbu-CONH-(CH2)3.N(CH2CH2)20, Z-Leu.Abu-CX)NH-(CH2)7CH3, Z-Leu- 
Abu-CONH.(CH2)20H, Z-LeB-Abu-CONH.(C3l2)20(CH2)20H, Z-Leu-Abu-CONH- 
(CH2)i7CH3, Z.Leu-Abu^NH-Caff2-C^3(OCH3)2 or Z-Leu-Abu-CONH-CH2- 
C4H4N. 
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